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ABSTRACT 


The data and results from a petrographic study of 400 core and outcrop samples of 
Miocene and Pliocene sandstones from this region are presented. The mineral zones de- 
limited suggest some peculiar stratigraphic variations and relations and seem to agree 
with the scanty paleontologic evidence available. The main point is a corroboration of 
the view that most of the upper 600 feet of producing sands in the field have very little 
development in the outcrops, and that most of the sandstone at the outcrops, referred 
to the Temblor, represents strata encountered at depths of about 1,000 feet in the pro- 
ducing zones. The method of la! oratory procedure is briefly outlined, and some dis- 
cussion is presented on the mineral zones and on individual minerals of particular 
significance. 


INTRODUCTION 


The United States Geological Survey has been engaged in recent 
years in a study of the surface and subsurface geology of the Kettle- 
man Hills oil field, which lies on the west side of the San Joaquin 
Valley, California. As part of this project the writer has undertaken a 
study of the petrography of the sands as an aid in correlation. The 
meager macro- and micro-faunas have limited the usefulness of pale- 
ontologic correlations, and although the lithologic units are fairly 
satisfactory for a correlation from well to well, variations make them 
of doubtful value for comparison of wells in the North dome with those 
of the Middle dome or with the outcrops in Reef Ridge. The results of 


1 Published by permission of the director, United States Geological Survey. Pre- 
sented before the Association at the Houston meeting, March 25, 1933. Manuscript 
received, March 29, 1934. 


2 United States Geological Survey. 
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this petrographic study indicate that, though the sediments of this area 
are not susceptible to as close a differentiation of stratigraphic hori- 
zons on the basis of their mineral content as those in some other re- 
gions, certain distinctive mineral zones that aid in correlation are 
present and lend support to other lines of evidence on the correlations. 
The location of the outcrop and well sections represented on the corre- 
lation chart is shown on the sketch map (Fig. 1). 
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The general geology and stratigraphy of this area were described 
in 1910 by Arnold and Anderson.’ A brief review of present ideas on 
the surface and subsurface stratigraphy has been presented in a recent 
book by Reed,‘ and a more detailed discussion of the Kettleman Hills 
by Gester and Galloway,’ with their interpretation of the strati- 
graphic relations, has recently been published in this Bulletin. A paper 


3 Ralph Arnold and Robert Anderson, “Geology and Oil Resources of the Coalinga 
District, California,” U.S. Geol. Survey Bull. 398 (1910). 

4R. D. Reed, Geology of California (Amer. Assoc. Petrol. Geol., 1933), pp. 217-20, 
234-36. 

5 G. C. Gester and John Galloway, ‘‘Geology of Kettleman Hills Oil Field, Califor- 
nia,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 10 (October, 1933), pp. 1161-93. 
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by Goudkoff on the stratigraphy of the area has also appeared in this 
Bulletin.® 
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METHOD OF PROCEDURE 

In heavy-mineral work on sediments the procedure varies much 
with the individual worker and the conditions, but the essential point 
seems to be the necessity of a standardized procedure in any one 
project, in order that results may be comparable. The method used in 
this study is briefly outlined as follows. A preliminary breaking up of 
the sandstone samples by crushing is followed by treatment with 
dilute HCI on a hot plate to disintegrate the sand and by the addition 
of a small amount of HNO; to dissolve the pyrite. The sample is then 
washed to remove all clay-size material and the finest silt. After dry- 
ing, the sand is screened on an 80-mesh screen, and only the material 
passing through this screen, which includes the fine sand, very fine 
sand, and coarser silt (0.25-0.03 mm.), is retained for use. A measured 
amount of this sand is then treated with bromoform’ in the separa- 
tory funnel, and the proportion of the heavy-mineral residue thus 
obtained to the total sand is estimated by comparison with several 
samples determined more accurately by actual weighing of the two 
fractions. 

Both the light-mineral fraction (specific gravity less than 2.85) 
and the heavy fraction (specific gravity greater than 2.85) were ex- 
amined with the petrographic microscope in index of refraction im- 
mersion liquids. Mineral percentages were only estimated, with an 
occasional check by the counting of grains, and the data were tabu- 
lated as indicated in the accompanying sheets. 

There are several points in this mode of procedure that affect the 
results, and the more important will be briefly considered. The acid 
treatment eliminates all apatite from the sand, along with the car- 
bonates, and removes most of the phosphatic pellets or “‘sporbo.” The 
dilute acid is not strong enough to affect the more stable minerals, 


6 Paul P. Goudkoff, “Subsurface Stratigraphy of Kettleman Hills Oil Field, Califor- 
nia,”’ ibid., Vol. 18, No. 4 (April, 1934), pp. 435-75- 


7 The usual commercial bromoform contains a small percentage of alcohol, which 
must be removed by washing with water to bring the specific gravity up to about 2.85. 
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or the hornblende, augite, et cetera. A preliminary examination in- 
dicated that apatite is one of the more common heavy minerals 
throughout the section, and its relative abundance at different hori- 
zons, as in the case of the ubiquitous mineral zircon, is apparently of 
little correlative value. Phosphatic pellets occur abundantly at cer- 
tain horizons, but if they are significantly abundant they can be noted 
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in a preliminary examination of samples under the binocular micro- 
scope. The pyrite is dissolved by the addition of HNO; in the acid 
treatment, as it may “flood out” other minerals in the heavy separate, 
and the advantages of eliminating this mineral seem to compensate 
for the loss of any small value it may give to local correlation in wells. 

The effect of various features in the texture and grain size of a 
sand on the mineral composition has recently been emphasized by 
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Rubey.® These features and their relations must be considered in any 
“ultimate” study of a sediment, and in well sorted and much abraded 
sediments, such as some of the Paleozoic sandstones, they may be of 
critical importance even in correlation. Experience indicates that in 
the rather poorly sorted sediments that constitute most Tertiary for- 
mations textural differences do not cause any serious complication in 
the variations of mineral percentages of sands. This is indicated by the 
characteristic assemblage shown by the individual samples within a 
TABLE II 
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certain “mineral zone,” regardless of considerable variation in sand 


size. A preliminary test of some of these relations indicated that 
though the fraction of medium-to-coarse sand showed a distinctly 
lesser percentage of heavy residue than the finer sand, the differences 
in relative abundance of individual minerals were not very great. The 
differences noted suggested that in these Miocene sediments the dis- 


* W. W. Rubey, “The Size Distribution of Heavy Minerals within a Water-Laid 
Sandstone,” Jour. Sed. Petrology, Vol. 3, No. 1 (1933), Pp. 3-20. 
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tribution of different minerals was more a reflection of differences in 
size of the particles as derived from the source rocks than of differ- 
ences due to differential abrasion or sorting. In using heavy minerals 
on stratigraphic problems, the large number of samples that must be 
examined make it impracticable to study each grade size separately, 
and experience indicates that such procedure is not generally neces- 
sary, though it may give some additional data, particularly in regard 
to the source materials. If the samples for study are collected by 
choosing sands of somewhat similar grain size, preferably fine sands, 
and a considerable range in size is used, the textural differences do 
not cause any serious complication in the variation of mineral per- 
centages of the sands. 


TABULATION OF DATA 


As indicated on the minerai data sheets, the percentages are given 
within certain ranges, arbitrarily selected by the writer to correspond 
with Milner’s numerals of abundance,® since the latter may have a 
very different quantitative significance to different workers. Closer 
accuracy in percentages seems unjustified in such a study, as the 
counts vary somewhat in each field of the same slide, and textural 
differences and other factors modify the percentages somewhat. 

The percentages of the lighter minerals, represented in the numeral 
equivalents, are given in the first columns to the left on the data 
sheets, and the glauconite and phosphatic pellets are included in this 
section, though some of these occur in the heavy separate, particu- 
larly if the phosphatic pellets or “‘sporbo” are pyritic. A separate 
column gives the percentage of heavy residue (specific gravity greater 
than 2.85) as compared with the total sand. The percentages of the 
heavy minerals are then given, based on a 100 per cent total, like 
those of the lighter minerals. As this heavy mineral fraction is gen- 
erally less than 1 per cent of the total sand, these percentages obvi- 
ously represent very different absolute amounts from those repre- 
sented by corresponding percentages in the light fraction. 

Horizontal lines are drawn to separate the more clearly delimited 
mineral zones, and at the right of the sheet these more definite mineral 
zones and several of the lithologic units are given designations for use 
in the correlation chart. 

These mineral data sheets are presented for the two outcrop sec- 
tions and for two well sections in order to indicate the basis for the 
mineral zones delimited and used on the correlation chart. They give 


* Henry B. Milner, Sedimentary Petrography, 2d ed. (1929), pp. 386-88. 
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sufficient indication of the mineral character of the different zones, 
and presentation of the mineral data on the other well sections would 
unnecessarily enlarge this paper. 


DISCUSSION OF MINERAL ZONES 


Several rather distinctive mineral zones are delimited within the 
section containing intermediate zones of more uniform or nondescript 
character, and these mineral zones will be briefly described in ascend- 
ing stratigraphic order. 

Basal Temblor.—At the outcrops in Reef Ridge the Kreyenhagen 
shale is overlain by about 100 feet of sandstone of rather nondescript 
mineral character, in this feature distinct from the overlying andesitic 
sand zone. The mineral composition is given in the two outcrop sec- 
tions and in the lower part of well section 41-3-P in the tables. In 
Big Tar Canyon there is a 10-15 foot sandy shale at the top of this 
zone. This sand is here classed as basal Temblor, though it may pos- 
sibly include sands of Vaqueros (lower Miocene) age or even older 
beds, as there is little paleontologic evidence on the age of this basal 
zone. With the small amount of material available no attempt is made 
here to differentiate within these lower sands, and no mineral data 
are presented bearing on the relations of the shale locally called 


“‘Whepley shale’’ to the “Leda” zone and to typical Kreyenhagen. 
The evidence now available seems to indicate that the mineralogy at 
these lower horizons is so uniform that it would be of little value in 
their differentiation. 


Andesitic sand zone-——The major part of the Temblor (middle 
Miocene) sandstones along Reef Ridge consists of a distinctive ande- 
sitic sand zone. In Canoas Creek and Big Tar Canyon this zone is 
about 500 feet thick and includes the “‘reef beds” containing Turritella 
ocoyana and most of the sand containing “buttons,” or Scutella 
merriami, as indicated on the correlation chart. The mineral tabula- 
tions indicate that this zone is characterized by abundant andesine, 
much of which shows a good euhedral form with distinct zonal growth, 
many andesitic rock grains of finer texture, varying amounts of more 
or less altered shards of volcanic glass, and among the heavy minerals 
considerable amounts of green and basaltic (brown) hornblende, 
augite, and actinolite—the actinolite perhaps derived from horn- 
blende. From the composition it is estimated that parts of this zone 
contain nearly 50 per cent of andesitic pyroclastic materials, mixed 
with the ordinary clastic sands. This mineral zone is sharply de- 
limited from the basal Temblor and from overlying strata in the out- 
crops. As indicated on the correlation chart, such sands occur at 
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1,100-1,200 feet below the base of the McLure shale in Huffman 
No. 1, and at approximately equivalent positions in wells 61-20-Q 
and Burbank No. 1 (Middle dome), though in the latter well the top 
of this zone is less sharply defined. 

Orthoclase-anhydrite sand.—At about 100 feet above the andesitic 
sand zone in the wells there is a thin but distinctive zone in which 
orthoclase forms 50 per cent or more of the light mineral grains, as 
compared with the 20 per cent or less that is usual at other horizons. 
This orthoclase is in large part fresh, and much of it is sanidine, 
though there is also some altered orthoclase of the ordinary variety 
and some microcline. Anhydrite occurs as a “flood” in the heavy 
separate, and perfect rhombs of secondary dolomite are abundant. 
This sand may represent an alkalic pyroclast zone, though it does not 
contain any bentonitic clay matrix. It occurs at about the same hori- 
zon as the lithologic unit in wells 8-1-P and 41-3-P called the “lower 
variegated,” as indicated on the chart. Farther south, in Burbank 
No. 1 of the Middle dome, it is apparently not a distinctive sand, to 
judge from the samples available. If present in the outcrops, it is too 
poorly developed to be found in the samples collected. 

600-foot shale.—The 600-foot shale is mentioned here—though it is 
not one of the mineral zones—because it is an important lithologic 
key bed in the wells and includes one of the few recognizable fossil 
horizons. It occurs, as the name indicates, about 600 feet below the 
top of the producing sands in the North dome. According to R. M. 
Kleinpell, this shale contains Foraminifera characteristic of the Gould 
shale of Barbat, which immediately overlies the Temblor in the type 
region. The sandstones overlying and underlying this shale are not 
very distinct mineralogically, except that the beds above carry very 
abundant chromite and in the beds below chromite is distinctly less 
common. Largely on the basis of this difference in the proportion of 
chromite, the 600-foot shale was located in some of the wells and was 
tentatively correlated with the shaly beds at about 7,930-7,970 feet in 
Burbank No. 1. Owing to the considerable horizontal distance of this 
well in the Middle dome from other sections, such meager mineralogic 
basis for this correlation was very unsatisfactory, but subsequent in- 
formation, kindly supplied by D. D. Hughes and R. M. Kleinpell, 
indicated that this particular shale in Burbank No. 1 carries the 
foraminiferal fauna of the Gould shale of Barbat, thus checking the 
correlation. Neither this lithologic unit nor its fauna has been rec- 
ognized at the outcrops, as is discussed later. 

Big Blue serpentine zone.—The most distinctive and clear-cut min- 
eral zone in the section is the Big Biue serpentine zone, whose most 
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conspicuous feature is the abundance of serpentine grains, largely of 
the antigorite variety. Perhaps even more useful in delimiting this 
zone is the abundant uvarovite, or green garnet, occurring in the 
heavy separate. This peculiar green garnet is rare or absent elsewhere 
in the section but in this zone shows more uniformity in quantity 
than the serpentine, which seems to vary considerably with the tex- 
ture of the sand and other factors. This type of garnet is mentioned 
again in connection with some details on the more interesting in- 
dividual minerals. Glaucophane and titanite are also relatively com- 
mon in this zone. Some very small arenaceous Foraminifera are pres- 
ent in the upper part of the zone and in sands immediately overlying 
it, but they represent types that would probably prove of little value 
for stratigraphic determinations. This serpentine zone is encountered 
about 100 feet below the top of the producing sands in the North dome 
wells and is about 150 feet thick, extending down nearly to the unit 
called “upper variegated.” Its character in the Middle dome is un- 
known, but apparently it is not well developed in this area, though 
no cores were available in Burbank No. 1 at the depths where it 
might be expected. In the Reef Ridge outcrops this zone is not pres- 
ent, though sample L-22, from Big Tar Canyon, contains small 
amounts of serpentine and uvarovite and a few serpentinous pebbles, 
indicating a closely related or equivalent zone. In the section of the 
Coalinga East-Side field, as discussed below in the part on general 
stratigraphic relations, this mineral zone is well developed and is 
called the Big Blue. The serpentine and associated uvarovite are ob- 
viously derived from the Franciscan in the hills of Joaquin Ridge, 
south of New Idria. 

The sands about roo feet thick that form the uppermost part of 
the sands in the North dome and overlie the serpentine zone consist of 
a rather uniform mineral assemblage of nondescript character, as in- 
dicated in the mineral data sheets of wells 41-3-P and 8-1-P. In the 
southern part of the North dome these sands become more shaly, and 
in the Middle dome the beds are largely shale that is lithologically 
similar to the overlying siliceous McLure shale. 

Bentonite key bed.—In the basal part of the McLure shale there are 
one or more bentonite beds a foot or more in thickness, and the lowest 
of these beds, occurring about 50-80 feet above the top of the sands 
in the North dome, is generally used as a marker or key bed in corre- 
lations. This bed is used as the datum plane in the accompanying cor- 
relation chart. The bed has not always been cored, especially in earlier 
drilled wells, and its position is not known in wells 8-1-P and 61-20-Q. 
The bentonite at 7,277 feet in Burbank No. 1 is underlain by a con- 
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siderably greater thickness of shale resembling the McLure than the 
bentonite in the North dome wells, but other lines of correlation sug- 
gest that the two beds are equivalent. At the outcrops this bentonite 
occurs about 15 feet above the base of the McLure in Canoas Creek 
and near Big Tar Canyon. 

McLure shale-—The characteristic McLure shale is about 450 feet 
thick in the Reef Ridge outcrops and is more than twice as thick in 
the wells of the North dome, with an increasing thickness southward. 
It is hard siliceous brown shale or mudstone, in which diatom impres- 
sions as molds and casts are locally abundant and fish scales are 
common. The upper limit of this unit is indicated mainly by change 
in drilling rate, but lithologically is difficult to place, as the change to 
the superjacent unit is generally gradational. 

Caving shale.—The soft, silty shale called ‘caving shale” is re- 
garded as only 250 feet thick at Big Tar Canyon, though its limits 
are indefinite, owing to gradational transitions at the base and top. 
In the outcrops it is rarely well exposed, and the mode of weathering 
suggests a bentonitic shale.'® In the wells this unit is a “blue” sandy 
shale with thin sands, and its drilling character is suggested in the 
term “‘caving shale.” In the basal part sands become more conspicuous 
in such wells as 8-1-P and Bolsa Chica Ferguson No. 1, and these 
sands are very distinct mineralogically. They contain a bentonite 
matrix or groundmass that shows the characteristic swelling in water, 
and the sand grains include very abundant andesine phenocrysts, 
much biotite, spherules of barite, and rhombs of secondary dolomite. 
Higher in this shale unit the pyroclastic materials have the composi- 
tion of a hornblende andesite, and this grades up into the succeeding 
unit. 

Andesitic sands of Jacalitos formation.—The Pliocene andesitic 
sands of the Jacalitos formation contain an abundance of fresh zoned 
andesine, more or less altered volcanic glass, and ferromagnesian 
minerals. In the lower part the ferromagnesian mineral is largely 
hornblende, but in the upper half augite becomes increasingly abund- 
ant. A large part of this sand is pyroclastic, though admixed with 
much ordinary clastic sand. Most of the original vitric or glassy tuff 
has been altered to minute zeolitic crystals that appear to be clinoptil- 
olite." 

10 This shale has recently been termed the ‘“‘Reef Ridge shale” by Barbat and 
Johnson. (See G. C. Gester and John Galloway, “Geology of Kettleman Hills Oil 
Field, California,” Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 10 (October, 1933), 
pp. 1174-76. 


11M. N. Bramlette and E. Posnjak, “Zeolitic Alteration of Pyroclastics,’’ Amer. 
Mineralogist, Vol. 18, No. 4 (1933), pp. 167-71. 
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Andesitic sands of Etchegoin formation. The andesitic sands of the 
Etchegoin formation are also in considerable part pyroclastic admixed 
with ordinary clastic material and contain the same andesitic pheno- 
cryst minerals and altered vitric material as the Jacalitos. However, 
there is also a large amount of hypersthene, and all the beds that are 
called “blue sands” contain abundant hypersthene. The heavy min- 
eral content of these Pliocene sands is unusually high, commonly 
forming 20 per cent or more of the total. No mineral data on the 
Pliocene formations are presented here, as they are not much involved 
in the subsurface correlations considered in this paper. 


CORRELATIONS AND GENERAL STRATIGRAPHIC RELATIONS 


The lack of any horizontal scale in the correlation sheet results in 
a distorted picture of the lateral variations in stratigraphic units, par- 
ticularly the larger variations that occur between the outcrops along 
Reef Ridge and the wells of the field. 

The relative position of all available core samples examined is in- 
dicated by the small dashes at the left of the well sections, and a 
similar convention is used for the samples from the outcrop sections. 
Depth figures are given for the cores only at a few critical positions. 
As will be noted, there are some large intervals in the various wells 
for which no samples are available and the correlation lines must be 
extended with question marks, as for the andesitic sand zone in well 
41-3-P. The approximate position of the andesitic sand zone in this 
well is indicated by the correlation of the distinctive orthoclase- 
anhydrite sand zone with adjacent wells. 

No correction of intervals for dip is made in this correlation chart, 
as most of the wells are near the crest of the anticline, where the dip 
is low, and the core depths and mineral zones can thus be shown with 
positions as recorded in the well logs. The Blauvelt well No. 1 (1-36-J), 
however, is far down on the east flank, and the uncorrected steep dip 
results in a considerable distortion of the correlation lines. The 
McLure shale thus appears much thicker than it really is, and there 
is a corresponding warping of the lines in the sands below the datum 
plane. 

The correlations of the heavy minerals support the view that the 
Bolsa Chica Ferguson No. 1, which is down on the west flank of the 
anticline, has penetrated only into the bentonitic sand of the basal 
caving shale at the total depth of 7,694 feet, and only the lowest part 
of this well section is represented on the chart. This interpretation is 
further supported by the results of a study of Foraminifera from the 
lower part of this well made for the United States Geological Survey 
by R. M. Kleinpell. 
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The distinctive serpentine zone, with the characteristic mineral 
content of abundant serpentine and uvarovite grains, is correlated 
with the Big Blue serpentinous member that is conspicuous in the 
outcrops northward from the Coalinga anticline along Monocline 
Ridge and shows a similar mineral composition. The relations in the 
outcrops along Reef Ridge suggest that this zone is absent there 
through a disconformity between the McLure shale and the sandstone 
referred to the Temblor, and that the disconformity is nondeposi- 
tional rather than erosional. However, in Big Tar Canyon the upper- 
most sand sample (L-22) below the bentonite contains a small amount 
of serpentine and uvarovite and thus suggests a thin zone related, 
if not equivalent, to the Big Blue. 

The mineral data suggest some interesting stratigraphic relations 
at this horizon immediately above the andesitic sand zone at the out- 
crops. As indicated in the mineral data sheets and correlation chart, 
this uppermost 60 feet of sand (below the key bentonite) in Big Tar 
Canyon is distinct from the underlying andesitic sands. It has a rather 
nondescript mineral assemblage, but in containing very abundant 
chromite it resembles the sands overlying the 600-foot shale in the 
wells, whereas the sands in a corresponding position on Canoas Creek 
contain a much smaller proportion of chromite, like the sands below 
the 600-foot shale in the wells. This very meager evidence affords a 
suggestion that disconformity due to nondeposition occurs at different 
stratigraphic positions in these two sections, and it is interesting to 
note that Scuéella merriami is found in these upper sands on Canoas 
Creek and not in Big Tar Canyon. A single sample (C-2A) from 
Canoas Creek, taken from a thin conglomerate in the shaly beds be- 
tween Scutella-bearing beds and the bentonite, contains abundant 
chromite and a little uvarovite and thus resembles the uppermost 60 
feet of Big Tar Canyon. Some of the pebbles of this thin conglomer- 
ate are composed of serpentine. Though the mineral evidence at this 
horizon is not distinct enough to be more than suggestive, there is a 
possibility that the upper 60 feet of Big Tar Canyon may be equiva- 
lent to sands overlying the 600-foot shale in North Dome, and that 
the sands at a corresponding position on Canoas Creek are older sands 
beneath the horizon of the 600-foot shale. Collections of fossils from 
the upper 60 feet of Big Tar Canyon have not yet been studied, but 
according to field determinations by W. P. Woodring, this part of the 
sandstone contains Clementia pertenuis and Miltha sanctaecrucis, 
neither of which is found in the underlying andesitic sand. On the 
Coalinga anticline Clementia pertenuis occurs in the uppermost part 
of the sandstone referred to the Temblor in the beds containing 
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Arnold’s “unique fauna” but not in the underlying Scuéella-bearing 
sandstone. 

All the sands above the 600-foot shale in the Kettleman Hills 
wells would appear from the mineral data to be different and strati- 
graphically higher than the andesitic sand zone that composes most of 
the Temblor of the outcrops in Reef Ridge. The 600-foot shale con- 
tains a foraminiferal fauna similar to that of the Gould shale of Barbat 
which immediately overlies the type Temblor. 

Such a correlation indicates a marked difference in the succession 
and thickness of stratigraphic units between the wells and the out- 
crops in Reef Ridge, and it supports the view that the upper part of 
the producing sands is younger than the type Temblor. 

Petrographic examination of some samples collected from the sec- 
tion on the Coalinga anticline, including samples from the top of the 
Kreyenhagen up into the Pliocene, indicates that the sands here show 
a marked difference in mineral content from those of the area under 
discussion. In the fossiliferous Temblor of this northern area, includ- 
ing the Scutella-bearing beds, there is an abundance of hypersthene, 
which is very rare or absent in equivalent strata farther south, and 
also some andalusite and kyanite, which are not present in the 
southern area. The beds above the Temblor also show differences that 
preclude any satisfactory correlation on the basis of mineralogy, ex- 
cept for the very distinctive strata of the Big Blue serpentinous mem- 
ber. With the aid of this zone, it would perhaps be possible to carry 
through the mineralogic correlations and understand these lateral 
changes in stratigraphy toward the north, if intermediate sections, 
such as those in the wells of the Guijarral Hills and the Jacalitos dome, 
were studied. Such a study might give additional data on the rela- 
tions of the Santa Margarita sands of the Coalinga region and the 
McLure shale of the Kettleman region. 


NOTES ON SOME INDIVIDUAL MINERALS 


Pyroclasts—The shards of volcanic glass occurring in the andesitic 
sand zone of the Temblor are more or less altered, with a resulting 
decrease in their index of refraction, and in part have gone over to a 
clay mineral. The bentonite beds in the basal McLure shale represent 
purer beds of originally vitric pyroclasts and are largely altered to a 
bentonitic clay mineral, but some of the larger relict shards are 
altered to the mineral clinoptilolite. The bentonitic sands in the basal 
part of the caving shale show the vitric material largely altered to a 
bentonitic clay groundmass with sand-size phenocrysts composed 


2 U.S. Geol. Survey Bull. 398 (1910), p. 87. 
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largely of andesine, biotite, magnetite, et cetera. The vitric pyroclasts 
in the Jacalitos are largely altered to the zeolitic mineral, and in the 
Etchegoin a similar alteration is usual, but many of the shards are 
apparently fresh and isotropic. 

Just what factors determine the degree and kind of alteration of 
the vitric pyroclasts is not evident, as original composition seems to 
be only one factor, and possibly not the most important. Most of the 
glass material, where apparently fresh, shows an index of refraction of 
1.50+, whether the associated phenocrysts are rhyolitic (quartz and 
sanidine) or andesitic (andesine and ferromagnesians). However, the 
pyroclastic materials in the basal part of the McLure shale show a 
more complete alteration to bentonitic clay, and with this are associ- 
ated phenocrysts of rhyolitic or alkalic types. There is some suggestion 
of a possible relation of the alteration to depth in the stratigraphic 
section. 

Blue sands.—In the Etchegoin tuffaceous sandstones of the Plio- 
cene the so-called “blue sands” are very common. The blue color is 
due to a very thin film of a soft mineral encrusting the sand grains. 
Various tests indicate that this mineral is neither vivianite nor opal, 
two minerals that have been previously suggested." The thin film is 
difficult to study optically, but appears to be some secondary mineral 
of chloritic type. Its formation seems in some way connected with the 


presence of hypersthene, as it was found that the hypersthene was 
consistently present in large amounts in the blue sands but not 
abundant in the interbedded sands that do not show the blue color. 


Other minerals.—Barite is common throughout most of the section 
studied in the core samples from wells, though not found commonly 
in the outcrop samples of this area. It seems generally to be a second- 
ary or authigenic mineral, and perhaps its formation is related to the 
water circulation in the sands, as its absence in most of the outcrop 
samples could hardly be due to a surface leaching of a mineral that is 
comparatively insoluble. The ultimate source of the barium is prob- 
ably the feldspars and micas, and it is known that the igneous rocks 
of the Rocky Mountain and Pacific regions contain more barium than 
the average. 

Among the heavy minerals of the serpentine zone a peculiar type 
of garnet is very abundant. This isotropic mineral occurs as irregular 
or “ragged” grains of very pale to deep green color, and much of it 
has a leached or altered appearance, with only scattered grains show- 

13 Robert Anderson and R. W. Pack, “Geology and Oil Resources of the West 


Border of the San Joaquin Valley, North of Coalinga, California,” U.S. Geol. Survey 
Bull. 603 (1915), pp. 82-83.- 


CORRELATION OF SANDS AT KETTLEMAN HILLS 1575 


ing crystal form. The few with good crystal form show dodecahedral 
faces, and it was for this reason that the mineral was classed as the 
green garnet, uvarovite, rather than a green spinel. A large piece of 
serpentine boulder from the Big Blue outcrops, sent to the writer by 
Max Krueger, shows a thin seam of this same mineral. Such a mode of 
occurrence of a green chrome garnet, as thin fracture fillings, is not 
rare in the Franciscan serpentine rocks of California, from which the 
Big Blue was obviously derived. 

Titanite is one of the very common heavy minerals, though it is 
absent at certain horizons. The relations of anatase to titanite strongly 
suggest that the anatase, which occurs as secondary or authigenic 
crystals, was formed from the titanite. The mineral data sheets show 
that at the horizons where this secondary anatase is abundant there 
is little or no titanite, and vice versa. In the samples where both of these 
minerals are rather common, the titanite grains have a ragged or 
etched appearance, as if strongly corroded. Brookite is generally pres- 
ent, but is rare in all samples and is less obviously authigenic. The 
writer has noted abundant authigenic crystals of brookite, rather than 
anatase, in other regions, and this brookite seemed probably derived 
from ilmenite. Secondary titanite has also been observed, but less 
commonly, and that present in the sediments here studied is not sec- 
ondary. The conditions that determine which of these titanium 
minerals will form secondarily in sediments are not clear, but an in- 
teresting discussion on the subject was written as early as 1892." 

The hornblende and hypersthene in part show cockscomb termi- 
nations that are probably the result of etching or corrosion, and the 
augite more generally shows this condition. 

The staurolite in the lower part of the Miocene section is generally 
of a pale yellow color and exhibits more or less distinct corrosion, 
much of it showing mere skeleton forms with cockscomb terminations, 
whereas the staurolite in the Pliocene is a deeper yellow and not cor- 
roded. A similar change in the staurolite with relation to the older 
sediments in the section has been observed in other regions and there- 
fore suggests a relative instability of this mineral under certain con- 
ditions. 

Some of the garnet shows a certain degree of etching. In some other 
regions the garnets are strongly etched to mere skeleton crystals, 
though this would seem to be connected with some special environ- 
ment, as garnet is generally stable. The evidence for the instability of 


14 W. M. Hutchings, ‘‘Notes on the Ash-Slates and Other Rocks of the Lake Dis- 
trict,” Geol. Mag., Vol. 9 (Dec. 3, 1892), p. 221. 
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some of these minerals, and additional data cited by Boswell,” sug- 
gest that the paucity and uniformity of the suites of stable minerals 
in many of the older Paleozoic formations may be largely a result of 
this instability under varying environments within the strata, rather 
than altogether an evidence of reworking and derivation from pre- 
existing sediments. 

Among the rarer minerals that were not tabulated in the mineral 
data sheets, because their sporadic occurrence made them difficult to 
consider and they are probably of little significance in correlation, 
are monazite, crossite, and lawsonite. A very rare grain of vesuvianite 
and piedmontite was identified. 

A few minerals, particularly in the light fraction, offer difficulties 
in making a close estimate of their relative abundance without an 
undue amourt of work. The sodic plagioclase is one of these, and the 
proportion shown in the accompanying data is probably subject to 
considerable error, as some of the grains not showing any plagioclase 
twinning have doubtless been included with the orthoclase. The chert 
grains are probably fewer than is indicated in the data, because some 
other finely crystalline aggregates of similar refringence may have 
been classed with the chert. Under “rock grains’ are included a 
variety of aggregate grains that are in part merely undisintegrated 
particles, but in the andesitic sand zone these consist largely of finely 
crystalline andesitic rock. Among the heavy minerals no attempt was 
made to differentiate the magnetite, ilmenite, and other opaque min- 
erals; a rather arbitrary distinction was used in the differentiation of 
epidote and zoisite, and some clinozoisite was included with the 
zoisite. 

No attempt was made to note varietal characteristics within 
mineral species, though such fine discrimination would doubtless give 
additional information. The limit to be placed on such work as is 
here recorded is merely a compromise, the aim being to obtain a 
maximum of pertinent data in the time that may be available. 


18 P. G. H. Boswell, On the Mineralogy of Sedimentary Rocks (1933), pp. 37-46. 
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PERMIAN LEDGE-MAKERS IN CONCHO 
COUNTY, TEXAS! 
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Ballinger, Texas 


ABSTRACT 


This paper describes the Permian rocks exposed in Concho County, Texas, with 
especial reference to the ledge-making members. All the Lower Permian Wichita group 
and the lower part of the overlying Clear Fork formation are exposed in the county. 
Names are proposed for three persistent ledge-making members. 


INTRODUCTION 


Concho County is in central Texas. The southern part of the 
county is covered by Lower Cretaceous (Comanche) rocks, but the 
Wichita*® group of Lower Permian formations and the lower part of 
the overlying Clear Fork‘ formation (or group) are exposed in the 
northern part of the county. These Permian strata have a westerly 
inclination of about 50 feet to the mile so that about 1,600 feet of sec- 


tion are exposed. 

As the southernmost exposures of these Permian rocks are in Con- 
cho County, a study of their section there is of particular interest. 
In the stratigraphic section (Fig. 2) the unmarked intervals between 
the ledge-makers are occupied by shale and some limestone strata. 
The accompanying map (Fig. 1) shows the areal geology of the county. 

A. J. Montgomery traced beds in the Clear Fork, Lueders, and 
Paint Rock formations in the west-central part of the county. The 
remainder of the tracing was done by the writer. As the ledge-makers 
were traced with plane-table surveys, computations of intervals and 
correlations across local areas of poor exposures are based on accurate 
altitude and location data. 


GROUPS OF STRATA 
The oldest strata exposed in Concho County are in the upper 


1 Published by permission of the Phillips Petroleum Company, Bartlesville, Okla- 
homa. Manuscript received, April, 1934. 
2 606 Eleventh Street. 


* N. H. Darton, L. W. Stephenson, and Julia Gardner, “(Geologic Map of Texas” 
(preliminary edition), U. S. Geol. Survey (1932). 
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part of the Putnam formation. These strata, with the Coleman Junc- 
tion limestone member at their top, crop out in the eastern part of 
the county. The Putnam is the topmost formation of the Cisco’ group 
of Upper Pennsylvanian and Lower Permian formations. 
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Fic. 1.—Areal geologic map of Concho County, Texas, showing stratigraphic distances 
of prominent ledge-makers above Coleman Junction limestone member. 


All the Wichita group of Lower Permian formations is exposed in 
the county. This group includes all the strata above the Coleman 
Junction to the top of the Lueders limestone member. Named from 
younger to older with their thicknesses in Concho County, the forma- 
tions of the group are given on page 1580. 
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distances above Coleman Junction limestone member. 
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WICHITA FORMATIONS 

Feet 
Lueders* formation 185 
Paint Rockf formation 135 
{Talpat formation 270 
\Grape Creek§ formation 130 
Belle Plains formation 240 
Admiral** formation 360 


Clyde || formation 


1,320 


J. W. Beede and V. V. Waite, “The Geology of Runnels County,” Univ. Texas Bull. 1816 
(March 1918), pp. 41-45. 


» PP. 36-41. 
Ibid. Pp. 30-36. 
» Pp. 21-30. 
F. B. Plummer and R. C. Moore, “Stratigraphy of the Pennsylvanian Formations of North-Central 
Texas,” Unio. Texas Bull. 2132 (June 5, ‘r921), Pp. 197-98. 
¢ Ibid., pp. 195-07. 
** [bid., PP. 192-94. 


Only the lower part of the Clear Fork formation, formerly con- 
sidered as a series® or group of Middle Permian formations, is exposed 
in the western part of the county. 


CISCO GROUP 
PUTNAM FORMATION 


The Coleman Junction limestone member is the only persistent 
ledge-maker in the Putnam formation in Concho County. This mem- 
ber is composed of two yellow limestone beds having an interval of 5 
feet from top to top. Convenient places of reference are (1) on the 
road (NE. }, E. 3 Curtis Morris Survey No. 742) 0.4 miles west of 
the school at Doole and (2) on the road (SW. cor. James F. Irwin 
Survey No. 1684) 1 mile west of Salt Gap. 

A 4-foot bed of sandstone which is 35 feet below the top of the 
Coleman Junction crops out (NE. 4, E. } Curtis Morris Survey No. 
742) on the road 0.3 mile west of the school at Doole. 


WICHITA GROUP 
ADMIRAL FORMATION 


A cherty yellow limestone bed which is 140 feet above the Coleman 
Junction makes a ledge for several miles north of the Cretaceous es- 
carpment. It may be visited conveniently (1) on the road (NE. }, 
NE. } H. F. Fisher and B. Miller Survey No. 2731) 2.1 miles wast of 
the school at Doole, and (2) on the road (NE. cor., NW. j J. B. 
Wallace Survey No. 10) 2.5 miles west of Salt Gap. 

The Elm Creek limestone, the top member of the Admiral forma- 
tion, is 360 feet above the Coleman Junction. It is composed of 2 feet 
of gray limestone. This member may be visited (1) (NE. cor. H. & T. 


* “The Geology of Runnels County,”’ of. cit., pp. 46-49. 
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C. R. R. Co. Survey No. 59) on the road that traverses from Salt 
Gap: 3 miles west; thence 1 mile north; thence 2 miles west to the out- 
crop, and (2) (N. 3 H. & T.C. R. R. Co. Survey No. 39) just south 
of the road 4.3 miles west of the school at Doole and on the road 0.4 
mile farther west. 


BELLE PLAINS FORMATION 


There are no persistent ledge-makers in the Belle Plains formation 
in Concho County, though a limestone bed which is 600 feet above the 
Coleman Junction and which is considered as being the top member 
of the formation forms a short escarpment near the Cretaceous area. 
This bed makes a good ledge in W. § Alexander Gregg Survey No. 78, 
near H. Adams’s Price well No. 1, 7 miles south of Millersview. 


GRAPE CREEK FORMATION 


A 1-foot bed of dark gray limestone which is 670 feet above the 
Coleman Junction makes a ledge between Millersview and Concho 
River. This bed might be called the Winkler Ford member, for it 
crops out (0.1 mile south of NW. cor. Elizabeth Aurand Survey No. 
1861) on the road 1.2 miles southeast of that crossing on Concho 
River. 

The Millersview’ limestone member is a 2-foot gray bed which is 
730 feet above the Coleman Junction. It crops out (in W. 3 T. F. 
Benge Survey No. 100) 4.5 miles south-southwest of Millersview on 
the road having that bearing from the village. This member may 
also be visited conveniently (near the center of Heinrich Eimke 
Survey No. 7) at its outcrop on the road 0.3 mile east of the Currie 
School, which is situated between Concho and Colorado rivers, 3.5 
miles southwest of their junction. The Millersview has been traced 
across southeastern Runnels County toa point 4.5 miles north of the 
southeast corner of that county. As the Millersview is a persistent 
ledge-maker having the requisite stratigraphic position and geograph- 
ic location of outcrop in Runnels County, it is here considered as 
being the top member of the Grape Creek formation. 


TALPA FORMATION 


Several limestone members of the Talpa formation make rather 
persistent ledges. A 1-foot gray bed which is 790 feet above the Cole- 
man Junction makes a ledge between Concho and Colorado rivers, 
and forms a peninsula-like outcrop which comes to a point (near the 


™ Name available according to the records of the Committee on Geologic Names, 
U.S. Geological Survey. 
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center of N. } Heinrich Eimke Survey No. 8) in the pasture o.2 
mile northwest of the Currie School. Another 1-foot gray bed which 
is 850 feet above the Coleman Junction crops out (0.9 mile south of 
NW. cor. Peter Horne Survey No. 20) on the road 0.4 mile north of 
the school that is in the village of Concho. A 1-foot buff bed which is 
goo feet above the Coleman Junction crops out (0.3 mile west of SE. 
cor. T. & N. O. R. R. Co. Survey No. 129) on the road 0.3 mile west 
of the Duck Creek School, which is 7 miles southeast of Paint Rock. 

The uppermost 50 feet of the Talpa formation contain two per- 
sistent ledge-makers. The lower of these two members is a 2-foot bed 
of yellow limestone which is 950 feet above the Coleman Junction. 
This bed is here called the Shultz* member from the ranch house of 
Mrs. Winifred Shultz, which is situated on the peninsula-shaped 
ledge formed by the outcrop (in NE. } T. & N. O. R. R. Co. Survey 
No. 127) & miles southeast of Paint Rock. This member may be con- 
veniently visited 1.8 miles northwest of Concho (near the middle of 
the west line of Bernard Heiss Survey No. 23) where it crops out just 
west of the north-south road. A 2-foot dark gray limestone bed which 
is 1,000 feet above the Coleman Junction is here called the Hart- 
grove® member from its exposure on Mack Hartgrove’s ranch where 
it crops out 0.4 mile south of and 37 feet lower than the ground at the 
Eugene Mays well (middle of the west line of Anton Schmidz Survey 
No. 312, about 4.5 miles southeast of Paint Rock). The Hartgrove 
member may be visited 4 miles northeast of Paint Rock where it 
crops out (near SW. cor. Johannes Arnold Survey No. 35) on the 
road along the north side of Concho River 2.8 miles east of the north- 
south highway. The Shultz and Hartgrove members have been traced 
across southeastern Runnels County to points 9.3 miles and 11 miles 
respectively north of the southeast corner of that county. Because 
the Hartgrove member is a persistent ledge-maker having the re- 
quisite stratigraphic and geographic positions, it is here considered 
as being the top member of the Talpa formation. 


PAINT ROCK FORMATION 


None of the limestone members of the Paint Rock formation makes 
a persistent ledge, although many of them were traced for short dis- 
tances. The gray limestone beds in the painted cliff (near the south 
lines of Edward Grobe surveys No. 47 and No. 48) on the north side 
of Concho River 1 mile northwest of Paint Rock are considered as the 
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top member of the Paint Rock formation. This member does not make 
a persistent ledge. 


LUEDERS FORMATION 


Although many of the limestone beds in the Lueders formation 
were traced for short distances, only two of them make persistent 
ledges. A 1-foot gray bed which is 1,255 feet above the Coleman Junc- 
tion crops out at the Noble Oil Company’s Simms well No. 1 (center, 
S. 3 J. J. McHenry Survey No. 12, about 5 miles north-northwest of 
Paint Rock), and makes a ledge for several miles. The Lueders lime- 
stone member, at the top of the formation, is 1,320 feet above the 
Coleman Junction. The Lueders member may be visited 5 miles 
west-northwest of Paint Rock, where its outcrop crosses the railroad 
(near the center of Andreas Helmke Survey No. 65) 3.3 miles west of 
the Simms Valley siding. Near the Cretaceous escarpment this mem- 
ber may be visited at its outcrop on the road o.3 mile north of and 
0.2 mile east of the NW. cor. Sec. 3, Blk. 9, H. & T. C. R. R. Co. 
Survey. 


CLEAR FORK FORMATION 


The limestone beds in the lower part of the Clear Fork formation 
do not make persistent ledges, though several of them were traced 


short distances in the area near the Cretaceous escarpment. 
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MECHANICS OF LOW-ANGLE OVERTHRUST FAULTING 
AS ILLUSTRATED BY CUMBERLAND THRUST BLOCK, 
VIRGINIA, KENTUCKY, AND TENNESSEE! 


JOHN L. RICH? 
Cincinnati, Ohio 
ABSTRACT 


The structural relations of the Cumberland overthrust block are such as would 
occur if gliding on the thrust plane took place parallel with the bedding along certain 
shale beds in such a way that the thrust plane followed a lower shale bed for some 
distance, then sheared diagonally up across the intervening beds to a higher shalé, 
followed that for several miles, and again sheared across the bedding to the surface. 

Reasons are given for the belief that subsidiary faults and folds within the block 
are superficial and do not extend below the thrust plane. This possibility should be 
borne in mind when exploration of such structures for oil or gas is contemplated. 

Study of the Cumberland block throws new light on the broader problems of the 
nature of folding and faulting in the sedimentary rocks bordering great mountain 
ranges and on the function of friction in setting limits to the distance through which 
overthrust blocks can be moved. 


INTRODUCTION 


It is now generally recognized that low-angle overthrust faults 
are common and that the movement on some of them has amounted 
to several miles, but in most cases the manner in which such thrusts 
are produced, the limits of movement set by friction, and the function 
of the nature and attitude of the rocks in guiding and controlling the 
faulting have not been clearly understood. 

A clue to the solution of one such problem has been revealed by 
a study of the Cumberland fault block, a rectangular overthrust mass 
about 125 miles long and 25—30 miles wide, located at the common cor- 
ners of the states of Virginia, Kentucky, and Tennessee. This area, 
which marks the outer limit of the Appalachian overthrusting in that 
district, shows the essential mechanics of the thrust faulting because 
the process has not been carried far enough to obscure the record. 


CUMBERLAND FAULT BLOCK 
The Cumberland overthrust block has been described in consider- 


1 Presented before the Association at the Houston meeting, March 24, 1933. 
Manuscript received, May 4, 1934. 


2 Department of geology, University of Cincinnati. 
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able detail by Wentworth,’ and certain of its features in still more de- 
tail by Butts.‘ 

The block (Fig. 1) is bounded on the northwest by the Pine Moun- 
tain thrust fault; on the southwest by the Jacksboro tear fault, up- 
thrown toward the southwest; on the northeast by the Russell Fork 
tear fault, along which there has been some overthrusting, but not 
so much as on the Jacksboro fault; and on the southeast by the Hun- 
ter Valley thrust fault. The latter fault plays no part in the mechanics 
of the block—it merely marks it off from other fault blocks farther 
southeast. 


STRUCTURE WITHIN BLOCK 


The structure within the Cumberland block is illustrated by the 
two accompanying cross sections (Fig. 2 and Fig. 3). Figure 2 is taken 
from the Briceville folio (No. 33) of the United States Geological 
Survey, and Figure 3, from Butts’ paper referred to in the foregoing 
paragraphs. 

From these two sections it is apparent that the Cumberland block 
is divided lengthwise into two major units—a broad, flat-bottomed 
syncline called the Middlesboro syncline or Middlesboro basin, and 
a broad, flat-topped anticline, called the Powell Valley anticline— 
separated by the sharp Cumberland Mountain monocline. 

The topographic features of the block are expressions of these 
structures and of the varying resistances of the rocks brought to the 
surface by them. Pine Mountain and Cumberland Mountain are 
monoclinal ridges formed by the outcrop of the resistant basal sand- 
stone (part of the Lee formation) of the Pennsylvanian system. The 
Middlesboro synclinal basin between them is topographically ex- 
pressed as a mountainous region of maturely dissected Pennsylvanian 
rocks and the Powell Valley anticline is expressed as an anticlinal 
lowland—part of the Great Valley of Tennessee—developed on the 
relatively non-resistant Ordovician limestones. 

The Cumberland block is broken crosswise by three lines of dis- 
turbance (Fig. 1), trending roughly parallel with one or another of 
the tear faults at its ends and therefore bearing essentially shearing- 
angle relations to the outlines of the block as a whole. The significance 
of these cross-disturbances is discussed on a following page. Other 
structural disturbances within the block include at least two strike 


3 Chester K. Wentworth, ‘Russell Fork Fault of Southern Virginia,’”’ Jour. Geol., 
Vol. 29 (1921), pp. 351-60. 

4 Charles Butts, ““Fensters in the Cumberland Overthrust Block in Southwestern 
Virginia,’ Virginia Geol. Survey Bull. 28 (1927), pp. 1-12. 
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faults near the top of the Cumberland Mountain monocline. One is 
on Brush Mountain about 7 miles northeast of Cumberland Gap,5 
and the other detaches Powell Mountain from Cumberland Mountain 
about 3 miles southwest of Cumberland Gap. No reference to the last- 
mentioned fault has been found, and it was not examined in detail 
in the field, so it is not known whether it is a normal or a thrust 
fault. These strike faults may have significance as adjustment phe- 
nomena—tensional or otherwise—to the movements which accom- 
panied the overthrusting of the Cumberland block. 


INTERPRETATION OF STRUCTURE 


The older interpretation of the structure of the Cumberland block 
is indicated by the cross section (Fig. 2) taken from the Briceville and 
Maynardville folios. That interpretation shows a thrust fault extend- 
ing indefinitely downward from the base of Pine Mountain. It pre- 
sents a difficult problem as to the mechanics of the structure for it 
offers no explanation of the sharp Cumberland monocline or of the 
flatness of the Powell Valley anticline. 

The interpretation of the structure of the block was fundamentally 
changed by the discovery of several fensters, or ‘““windows,” on the 
Powell Valley anticline’ which revealed the fact that beneath the 
relatively flat-lying Ordovician rocks of the Powell Valley anticline 
is a thrust plane, below which Silurian rocks are exposed. Later drill- 
ing in these fensters proved the presence of the normal Ordovician 
section below the Silurian. 

Butts interpreted the presence of the Silurian rocks beneath the 
Ordovician at the fensters as indicating that the thrust plane revealed 
in the fensters must be the same as that which crops out at the base 
of Pine Mountain and that the thrust plane must, therefore, underlie 
the whole of the Cumberland block at shallow depth (Fig. 3). Butts 
suggested that the thrust may have followed the Chattanooga shale, 
on or within which gliding would have been relatively easy. He esti- 
mates that the forward movement on the thrust at this point has 
been about 7 miles. 

Butts’ interpretation is believed to be correct and is accepted as 
a basis for the discussion which follows. 

If, in accordance with conventional ideas, the thrust plane is 
thought of as originally a plane surface, it would have required con- 
siderable warping since the thrusting occurred to have produced its 

5 G. H. Ashley and L. C. Glenn, ‘Geology and Mineral Resources of the Cumber- 
land Gap Coal Field, Kentucky,’’ U.S. Geol. Survey Prof. Paper 49 (1906). 

* Charles Butts, op. cit. 
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present attitude, with the northerly dip into the Middlesboro syn- 
cline. In addition to the pronounced apparent warping of the thrust 
plane shown on Butts’ cross section (Fig. 3), an interesting and signi- 
ficant feature is the fact that in the area between the fensters and 
Cumberland Mountain, the strata dip northward into the thrust 
plane. This feature finds a ready explanation in, and is a necessary 
consequence of, the mechanics of thrusting outlined in the following 
section. Besides, the explanation to be proposed accounts for the 
present attitude and northward dip of the thrust plane, as shown in 
Figure 3, without the necessity of any warping of the thrust plane 
since it was formed. 


EXPLANATION OF CUMBERLAND THRUST 


The peculiar structural features of the Cumberland block, namely, 
the flat-topped Powell Valley anticline, the sharp monoclinal struc- 
ture at Cumberland Mountain, the flat-bottomed Middlesboro syn- 
cline between Cumberland Mountain and Pine Mountain, and the 


ttttt 
Thrusting 
Pressure 


Fic. 4.—Diagram representing course of incipient thrust plane in series of sedi- 
mentary rocks. Plane follows beds of easy gliding, such as shales, and breaks diagonally 
across more brittle beds from one shale to another, and, finally, up to surface. 


apparent warping of the thrust plane, all fit into a consistent picture 
when the thrusting is considered as having taken place along and 
across the bedding of the sedimentary rocks along some such path 


Fic. 5.—Diagram showing result of movement on thrust plane such as that shown 
in Figure 4. Tilting so that horizontal is represented by line AB and erosion down to 
line CD gives structure and topography to be compared with present cross section of 
Cumberland block (Fig. 3). 


as that represented by the dotted line, CD, of Figure 4, and the whole 
region as having been subsequently tilted slightly toward the north. 
The thrust plane may be pictured as following some zone of easy 


taken by Phrust y 
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gliding such as the lower shale of Figure 4 until frictional resistance 
became too great; then shearing diagonally up across the bedding to 
another shale; following that for several miles, and finally shearing 
across the bedding to the surface. 

Movement along such a thrust plane would inevitably produce 
almost an exact counterpart of the present structure of the Cumber- 
land block, as may be seen by comparing the actual cross section 
(Fig. 3) with the diagram (Fig. 5)’ and the model (Fig. 6). The model 
was made by piling sheets of thin paper into a form like that of Figure 
4, with a sheet of paper inserted along the course of the potential 
thrust plane, and then pushing the paper from one side while the 
other was held rigid. To reproduce, almost exactly, from the diagram 
or model, the present structure of the Cumberland block, it is only 
necessary to tilt the diagram or model so that a horizontal line corre- 
sponds with the line AB of Figure 5 and then to erode the surface 
down to a line such as CD. The fensters then appear along the line 
where the thrust plane passes into the upper gliding bed after having 
broken across the bedding from the one below. 

Examination of the diagram (Fig. 5), and the photograph of the 
model (Fig. 6) shows that whether a broad, flat-topped anticline or 
a narrow one with a rounded crest is formed where the thrust breaks 


Fic. 6.—Model made by piling paper sheets as in Figure 4 and thrusting toward left. 
Note similarity to structure of Cumberland block. 


upward from the lower gliding plane depends on the amount of thrust- 
ing after the break occurs. If the forward movement is slight, a nar- 
row anticline is formed, whereas greater movement produces a broad, 
flat-topped anticline.* 

The Powell Valley anticline seems to illustrate both conditions 
in different parts of its course. At the west end it is broad and flat- 


7 The diagrams, Figures 4 and 5, indicate the thrust pressure as applied entirely 
at one end. Without going further into the matter, attention is called to the fact that 
this representation is only diagrammatic, and that it seems possible, and certain fea- 
tures make it seem even probable, that the actual force which caused the slipping on 
the thrust plane was applied from above as well as from the side through the medium 
of an overthrust sheet now removed by erosion. 


8 This relation is easily seen by constructing a model like that shown in Figure 6 
and varying the amount of thrust 
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topped; toward the east it gradually narrows and assumes a rounded 
crest; and ends abruptly before the end of the block is reached. In 
accordance with the proposed interpretation, this condition indicates 
that at the west end, where the thrust broke across from the lower 
to the upper gliding bed, the strata were pushed forward for several 
miles; at the east end of the present Powell Valley anticline the for- 
ward movement on the lower gliding plane was sufficient to form a 
narrow anticline; and still farther east the thrusting occurred only 
along the upper of the two gliding zones, so that no anticline was 
formed. 

Confidence in the foregoing interpretation of the nature of the 
thrusting is heightened by the discovery, in the southeast corner of 
the map in the Maynardville folio, of a structure section, reproduced 
as Figure 7, showing a beveled remnant of a structure such as that 
shown on Butts’ cross section (Fig. 3), at and immediately north of 


3 C rt 


Fic. 7.—Reproduction of structure section from southeast corner of Maynardville 
folio. Note shape of thrust plane at left and manner in which strata dip into thrust 
plane along flat part of its course. Compare with cross section of Cumberland block 
(Fig. 3) in area northwest of fensters. 


the fensters, and also on the model (Fig. 6), where the thrust breaks 
from the lower gi'ding plane up to the higher. This structure section 
proves that the type of thrust plane and thrust movement indicated 
for the Cumberland block is not unique, but occurs in connection 
with other faults of the Appalachian valley. 


CROSS FRACTURES IN CUMBERLAND BLOCK 


As has already been mentioned (Fig. 1), the Cumberland block is 
broken across by at least three lines of disturbance—one between 
Speedwell and Jellico, another between Cumberland Gap and Pine- 
ville, and a third extending from the eastern end of the Powell Valley 
anticline near Little Stone Gap northward toward Pine Mountain at 
Pound Gap.’ 

These lines of disturbance cross the block in directions which 
make the same angles with the Pine Mountain fault and with the 
block as a whole as the tear faults at its ends—essentially shearing 


® See map accompanying the report of J. Brian Eby and others, ““The Geology and 
Mineral Resources of Wise County and the Coal-Bearing Portion of Scott County, 
Virginia,” Virginia Geol. Survey Bull. 24 (1923). 
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angles. The most southwesterly of these lines of disturbance extends 
diagonally northwestward across the block from the vicinity of Speed- 
well toward Jellico. No adequate description of the details of its 
structure has been found; but, as inferred from a meager description’® 
and from the geological map of Tennessee, it seems to be a line of 
rather sharp monoclinal dip northeast, so that the portion of the block 
southwest of this line stands somewhat higher structurally than that 
on the northeast. The trend of the disturbed zone appears to be about 
northwest. The zone has the appearance of an incipient tear fault 
separating an area of somewhat greater thrust movement in the Cum- 
berland block west of it from one of less movement on the east. 

The middle one of the three cross zones of disturbance is the Rocky 
Face fault zone extending from Cumberland Gap northward toward 
Pineville, and trending approximately parallel with the Jacksboro 
tear fault at the end of the block. It has been described by Ashley 
and Glenn" and certain of its implications discussed by Rich.!* At 
Rocky Face it is essentially a buckled half dome on the east side of 
a fault upthrust toward the northwest. 


Structure Section 
Across Buck Knob and Gladevilie Anticlines— -~ 
Passing N.73°W. about % mile South of Wise, 
Virginia Geo/. Survey, Bull. XXIV, Pi. 


2000 —----- 


Gladevi//e , 
Anticline 


Fic. 8.—Profile across Buck Knob and Gladeville anticlines 
showing asymmetry of latter. 


The third disturbed zone crosses the block northward from the 
point where the Powell Valley anticline dies out. It has been described 
and mapped by structure contours."* It consists of two parallel anti- 
clines, the Buck Knob anticline and the Gladeville anticline, whose 
forms and relations to each other are shown in cross section in Figure 
8. The eastern of these, the Gladeville anticline,is very unsymmetrical, 
being steep on the west side. It is marked by two sharp subsidiary 
domes along its crest. 


10 L. C. Glenn, “Northern Tennessee Coal Field,’ Tennessee Geol. Survey Bull. 
33-B (1925). 


1G. H. Ashley and L. C. Glenn, op. cit. 


® John L. Rich, ““Physiography and Structure at Cumberland Gap,” Bull. Geol. 
Soc. America, Vol. 44 (1933), pp. 1219-36. 


13 J. Brian Eby and others, of. cit. 
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All these cross fractures are believed to be superficial features of 
the Cumberland thrust block, representing a tendency toward break- 
ing into segments as the block was pushed northwestward, and it is 
believed that all these cross fractures and folds will be found to end 
downward at the thrust plane underlying the block. 

It seems that the formation of the Buck Knob and Gladeville 
anticlines can be accounted for by the excess northwestward shoving 
of that portion of the block east of the end of the Powell Valley anti- 


/0 


Scale jn Miles 


Diagrammatic Cross Section 


A 


Fic. 9.—Sketch map of eastern end of Cumberland block to illustrate discussion 
of origin of Buck Knob and Gladeville anticlines. General form of anticlines indicated 
by sketch structure contours. 


cline. Assuming that the Powell Valley anticline was formed during 
the thrusting, and as a result of the shearing up of the thrust plane 
from a lower bed to the horizon of the Chattanooga shale, and further 
assuming a uniform push from the southeast and a movement which 
may be diagrammatically represented by the distance XY (Fig. 9); 
then the northwestward movement of a point north of the anticline 
must have been less than XY by an amount equal to the difference 
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between the length of a line such as ABC over the top of the anticline, 
and a straight line A DC (see cross section, Fig. 9), whereas east of the 
end of the Powell Valley anticline the northwestward movement 
would have been the full amount, XY. 

The beds east of the end of the anticline, being crowded north- 
westward in this way farther than those on the west, must have 
tended to tear loose along a shearing plane or incipient tear fault, 
forming a block of the same general shape as the Cumberland block 
as a whole. In view of the trend of the incipient tear fault, the excess 
northward movement of the area east of the end of the Powell Valley 
anticline must have produced a wedging effect similar to that which 
caused the upthrusting along the Jacksboro tear fault at the south- 
western end of the Cumberland block. In this case, the movement 
seems not to have gone far enough to form an actual break, but only 
enough to form the highly unsymmetrical Gladeville anticline and 
the Buck Knob anticline in front of it. 

The extreme sharpness of the Gladeville anticline and its asym- 
metry suggest strongly that it may pass downward into a thrust 
fault. The anticline bears many points of similarity to the Rocky 
Face fault zone near Cumberland Gap, even to the presence of sharp 
local domes along its crest, but it differs in that it has not been so 
far developed. 


PROBABLE SHALLOWNESS OF LOCAL STRUCTURES IN 
CUMBERLAND BLOCK 


The exposure of the fensters in the Cumberland block (Fig. 1) 
seems to make inevitable Butts’ conclusion that the entire Cumber- 
land block is underlain by a low-angle thrust plane and that the 
Pine Mountain fault marks the line along which the thrust plane 
sheared upward to the surface. 

If the whole block is underlain by a thrust plane, it seems prob- 
able that any local anticlines or synclines appearing within the block 
are only superficial and do not extend down below the thrust plane 
which, as nearly as can be judged at present, follows the approximate 
horizon of the Chattanooga shale. There seems to be no reason to ex- 
pect that such features as the Rocky Face half-dome or the Buck 
Knob or Gladeville anticlines extend below the thrust, especially 
since, as in the latter case, the presence of such features in the rocks 
above the thrust seems to be required by the dynamics of the thrust- 
ing. 
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BROADER ASPECTS—POSSIBLE CORRELATION OF PINE MOUNTAIN FAULT 
WITH SEQUATCHIE VALLEY ANTICLINE 


Analogy with the features displayed by the Cumberland over- 
thrust block strongly suggests that the Sequatchie Valley anticline 
is the expression of similar low-angle thrust faulting carried not so 
far as in the Cumberland block. The Sequatchie anticline, where 
eroded most deeply, reveals thrust faulting in its lower part; its dis- 
tance from the western margin of the Appalachian Valley belt of 
strong shingle-type thrust faulting is comparable with that of the 
Pine Mountain fault; and the anticline west of Lookout Mountain 
in the southern part of the area occupies a position analogous to that 
of the Powell Valley anticline. 

It is not difficult to picture a somewhat greater original movement 
along the thrust plane bringing the thrusts now exposed in the deeper 
parts of the Sequatchie anticline up to the surface (before erosion), 
shoving Walden Plateau farther westward, breaking it loose along a 
diagonal tear fault somewhere north of Pikeville, Tennessee, and 
producing an overthrust block almost identical with the Cumberland 
block. 


BROADER BEARING ON GENERAL PROBLEM OF OVERTHRUST FAULTING 


Revelation of the way in which thrust faults may follow for long 
distances along the bedding of strata, such as shales, on which move- 
ment is easy, completely changes the basis of calculations of the possi- 
ble distance the rocks may move on overthrust faults. In the past 
such calculations have been based on the coefficient of friction of dry 
granite. The friction involved in movement along the bedding of 
clay shales, probably wet with water at the time of movement, is 
something of an entirely different order than that for granite. 

Wentworth, for example, made a calculation of the force required 
to move the Cumberland block," but he used the coefficient of friction 
of dry granite. His results would have been radically different had 
they been based on movement along the bedding of shales. 

Recognition of the importance of thrusting along bedding planes 
throws a new light on many problems in thrust faulting. For example, 
the striking fact that in crossing ‘the Appalachian valley southeast- 


14 The Sequatchie Valley anticline, as conspicuously shown on the geologic maps of 
Tennessee and Alabama, forms a remarkable anticlinal valley essentially in line and 
trend with the Pine Mountain fault, though separated from it by a gap of nearly 50 
miles. The portion of the Allegheny Plateau between Sequatchie Valley and the 
Appalachian Valley province is known as Walden Plateau. 


48 Chester K. Wentworth, op. cit. 
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ward from the Cumberland block toward the great up- and over- 
thrust mass of the crystalline Appalachians one passes half a dozen 
or more large thrust faults which bring up repeatedly, shingle-fashion, 
almost the whole of the unmetamorphosed Paleozoic sedimentary 
series without once bringing up the crystalline basement, makes it 
appear likely that the thrusting in that part of the Appalachian valley 
is entirely confined to the sediments, which have been sheared off 
from the underlying crystalline basement, pushed forward, and piled 
up in shingle-fashion by a great plunger moving from the southeast— 
presumably the pre-Cambrian mass of the crystalline Appalachians 
—which came up diagonally along a shear plane to the base of the 
sediments, then rode forward horizontally, pushing and piling up the 
sediments before it. It is not unlikely that the pre-Cambrian basement 
beneath the Appalachian valley would be found to be undisturbed. 
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PRE-PENNSYLVANIAN STRATIGRAPHY OF NEBRASKA! 


A. L. LUGN? 
Lincoln, Nebraska 


ABS &ACT 


Sioux quartzite, granite, and schistose metamorphic rocks have been recognized 
in the pre-Cambrian. The present irregularities, the “basins and highs,’’ on the pre- 
Cambrian surface are the result of erosion and a long structural history. In general 
succeedingly younger rocks rest unconformably by overlap against the pre-Cambrian 
“highs.” The principal erosional and structural “highs” are: the “Nemaha moun- 
tains,’”’ the Cambridge anticline, the Chadron dome, and the Sioux Falls area. ‘‘Basins,”’ 
or saddle-like depressions, occur on the pre-Cambrian surface between the “highs.’”’ The 
largest of these trends from southeast to northwest across the central part of Nebraska. 
The history of each ridge or “high”’ is more or less individualistic, but it seems certain 
that the structural framework of Nebraska came into existence in late pre-Cambrian 
time and has dominated the structural and depositional history of the state ever since. 

Every Paleozoic system below the Pennsylvanian is represented by identifiable 
rocks in the subsurface section of Nebraska, and all are present at least east of the 
buried Nemaha ridge. The exact subsurface distribution of each of the Paleozoic sys- 
tems is not yet known with certainty. Apparently all formations are the same and are 
continuous with the pre-Pennsylvanian rocks of Iowa. The Cambrian and Ordovician 
rocks of the southern part of the state are also quite similar to correlative formations 
in Oklahoma. The fact that most of the deep test wells so far drilled in the state have 
been located on structural or on monadnock-like pre-Cambrian “highs” has precluded 
the discovery of many pre-Pennsylvanian Paleozoic rocks, which do occur in the 
“basins.” This has led to the misconception that Nebraska was not invaded by all of 
the Paleozoic inundations. 


PART I, PRE-CAMBRIAN 


Knowledge of the pre-Cambrian rocks under Nebraska is entirely 
too meager to justify definite conclusions regarding details of their 
lithologic character, distribution, present relief, and structural inter- 
pretations. However, ten deep drillings, tests for oil and gas, have 
reached the pre-Cambrian in Nebraska at depths ranging from 558 
feet (DuBois) to 4,526 (Holdrege), and at one place (Holdrege), pene- 
trated more than 1,150 feet of the ancient crystalline schist. Several 
wells in southeastern South Dakota, which reached the Sioux quartz- 
ite, are of value in understanding the pre-Cambrian configuration 
under Nebraska. The deep test at Norcatur, Kansas (Marland Oil 
Company), which reached pre-Cambrian granite, and several wells 

1 Presented before the Kansas Geological Society, Sixth Annual Field Conference, 


September 2, 1932. Published by permission of G. E. Condra, State geologist of 
Nebraska. Manuscript received, April 9, 1934. 


2 Associate professor of geology, University of Nebraska. 


1597 


L. LUGN 


A. 


NOILD3SS 91901039 
JNITSLVLS SVSNVY - 


1333 00S 
YNOLNOD 


O1 LON 


$113M 4330 


& 
S £004 


00 esst- / esoi- 


ge | 


0 


vioxva 


aN NY 
‘ 


\ 


| 
\ \ \ 
\ 
~ 


’ 
1598 | 
Zzzzz 
< / > 355 > 
= 
=) — m2 
+2 
fit (pia 
SS = o 
> / co 
— 


z 


a 
= 
E 
= 
a 
i=} 
3 
2 


SOO FEET 


Fic. 1. 


PRE-PENNSYLVANIAN OF NEBRASKA 1599 


in northeast Kansas have been used in this connection. In addition 
to the deep tests which actually reached the ancient crystalline base- 
ment rocks, eight other wells in Nebraska, one in Colorado (Phillips 
Petroleum Company, George Andrews No. 1), and one in Missouri 
(Forest City), penetrated deeply enough into the Paleozoic rocks to 
warrant using such data as their logs yield, to base tentative conclu- 
sions on regarding the depth and elevations of the pre-Cambrian. 
Five pre-Cambrian wells and eight others in western Iowa also have 
been used. Knowledge of the near-by pre-Cambrain outcrops at Sioux 
Falls, where the Sioux quartzite (Huronian) crops out, the Black 
Hills, where granite and other highly metamorphosed quartzites 
and schists crop out, in South Dakota, and the pre-Cambrian outcrop 
of schist and iron ore at Hartville, Wyoming, is also drawn on in 
the preparation of this paper. 

Essential data on the aforementioned locations are given in the 
tables which follow. Elevations of pre-Cambrian which are below sea- 
level are indicated by a minus sign in front of the number. These 
data, together with some unpublished information, are used on which 
to base the pre-Cambrian contour map, drawn with a 500-foot contour 
interval (Fig. 1). 

Nearly all essential data are taken from ‘“‘Deep Wells of Nebraska,” 
by G. E. Condra, E. F. Schramm, and A. L. Lugn, Nebraska Geological 
Survey Bulletin 4, Second Series (1931). The data from Iowa wells 
are from the Iowa Geological Survey, Volumes XXI (1912) and 
XXXIII (1927).* Several Kansas Geological Survey publications and 
N. H. Darton’s “Geology and Underground Water Resources of the 
Central Great Plains,” United States Geological Survey Professional 
Paper 32, are also used. E. F. Schramm published a small map, more 
inclusive than that included here, and a table of data on pre-Cambrian 
wells in “Deep Wells of Nebraska,” pages 281—86, of special interest 
in connection with this subject. 


LITHOLOGY 


Carefully taken cuttings or core samples have been petrographical- 
ly examined from seven of the pre-Cambrian wells of this state, and, 
at least in these cases, the nature of the old rock is accurately known. 
The best samples of pre-Cambrian rock so far preserved are from 
the Nehawka (Amerada Petroleum Company) and from the Victor 
Jeep well near Papillion, numbers 3 and 4, in tables I and II and on 


_ * Additional data on the Clarinda, Iowa, well number 32, were supplied to the 
writer by Anthony Folger, after the manuscript had been submitted for publication. 
The necessary corrections have been made. 
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the map (Fig. 1). Sioux quartzite was encountered in both of these 
tests. Its lithologic character is pinkish, reddish-to-grayish brown 
quartzite, not unlike the pink quartzite boulders found in eastern 
Nebraska in the glacial drift where the Nebraskan or Kansan glacier 


TABLE I 


PRE-CAMBRIAN OF NEBRASKA* 
DEEP WELLS WHICH REACHED PRE-CAMBRIAN (FIGURES IN FEET) 


Name Surface Depth of Depth to Pre-Camb. 
Elevation Well Pre-Camb. Elevation 


Du Bois 1,019 565 461 
Table Rock 1,114 765 364 
Table Rock 1,030 1,500 330 
Nehawka 1,134 1,828 —433 
Victor Jeep 1,114 1,909 —756 
Lincoln (Capitol Beach) 1,140 2,463 : —1,053 
Bassett 2,323 2,965 —497 
Duthie 3,025 2,947 155 
Watkins 2,360 3423 —1,000 
Holdrege 2,345 5,678 —2,181 
Norcatur (Kansas) 2,591 3,986 3,930 —1,339 


OO wW 


DEEP WELLS WHICH DID NOT REACH PRE-CAMBRIAN (FIGURES IN FEET)f 


Lane 1,091 1,829 1,871+ 
Nebraska City 932 2,874 2,874+ 
Forest City, Mo. 856 2,500 3,550+ 
Salem (Morgan) 1,030 3,310 3,730+ 
Price 1,727 3,446 4327+ 
Ohio (Avery) 2,003 4,252 4,353+ 
Phillips (Colorado) 3,443 5,130 5,743+ 
Imperial (Ingold) 3,214 4,355 5,614+ 
Harrisburg 4,500 5,697 9,000 + 
Agate 4,520 4,554 7,520+ 


* Data from “Deep Wells of Nebraska,’”’ Nebraska Geol. Survey Bull. 4, 2d Ser. (1931). 

t The estimated depths to the pre- Cambrian and the estimated elevations of the pre-Cambrian are 
based on very problematical data. These estimates are meant to be only suggestive and some of the figures 
may be greatly in error. The errors in the figures for wells numbered from 11 to 16 inclusive may be only a 
few scores of feet but those for wells numbered 17 to 20 inclusive may range from 500 to 1,000 feet. 


left them after having transported them from the Sioux Falls “high” 
of exposed quartzite. 

The Sioux quartzite was cored for 261 feet in the Nehawka 
(Amerada) well and penetrated to a depth of 39 feet in the Victor 
Jeep well. Conglomeratic and consequently somewhat “arkosic”’ 
quartzite has been drilled into at some horizons and because of its 
apparent “arkosic’”’ nature has been confused with granite. However, 
boulders of just such conglomeratic “arkosic’”’ quartzite also can be 
found in the drift or seen in place in the Sioux Falls area. 

Reddish quartzite seems to have been penetrated for a depth 
of 270 feet, 3 inches, according to the published log, in the Capitol 


| 

II 780+ 

12 —1,942+ 

13 —2,700+ 

14 —2,700+ 

15 —2,600+ 

16 —2,350+ 

17 —2,300+ 

18 —2,400+ 
19 —4,500+ 

20 —3,000+ 
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Beach well at Lincoln. B. P. Russell,‘ geologist in charge, in his 
report of December 1, 1888, stated: “I am not prepared to state that 
this is the Sioux quartzite but all admit that there is a strong re- 
semblance between them.” There was no doubt in Russell’s mind, 
with the core before him, that it was quartzite and he apparently was 
convinced that it was Sioux in age, probably Upper Huronian. This 


TABLE II 


Name Kind of Rock Location} 


Du Bois Granite SE. of Du Bois in Sec. 25, T. 1 N., R. 12 E. 
Table Rock Granite NW. Cor. Sec. 12, T. 2 N., R. 11 E. 
(two wells) NE, 3 Sec. 29, T. 3 N., R. 12 E. 

Nehawka Quartzite NE. Cor. Sec. 26, T. 11 N., R. 12 E. 

Victor Jeep Quartzite NW. of SE. Sec. 23, T. 14 N., R 12 E. 

Lincoln Quartzite Capitol Beach, west side of Lincoln 

Bassett Schist East edge of town of Bassett 

Duthie Schist 18 miles NE. of Chadron, Sec. 33, T. 35 N., 
R. 47 W. 

Watkins Granite Sec. 13, T. 5 N., R. 26 W. 

Holdrege Schist 54 miles NW. Holdrege, SW. } Sec. 23, T. 
6N., R. 19 

Norcatur Granite NW. Cor. Decatur Co., Kan., Sec. 25, T. 
25S., R. 26 W. 

Cambrian Lane Station, west of Omaha, Nebraska 
Nebraska City Cambrian ? or SW. } Sec. 10, T.8N.,R. 14 E 
quartzite 
Forest City Silurian 3 or 4 miles SE. of Forest City, Mo. 
(Missouri) 
Salem (Morgan) Ordovician or SE. of NE. Sec. 26, T. 1 N., R. 14 E. 
Cambrian 

Price Mississippian SW. of town of Red Cloud, Neb., Sec. 3, 
T.1N., R. 11 W. 

Ohio (Avery) Cambrian Near Riverton, Neb., NE. of SE. Sec. 30, 
T.1N., W. 


13 
Phillips Pennsylvanian Yuma Neen Colo. (SW. Cor. Dundy 
Co., Neb.) SE. of Wray, Colo., on Ari- 
karee R. 
Imperial Pennsylvan- 3 miles SE. of Imperial, Neb. 
ian 
19 Harrisburg Graneros 44 miles E. and 14 miles N. of Harrisburg. 
20 Agate Graneros NE. Cor. Sec. 15, T. 28 N., R. 55 W 


t¢ The method of naming and recording the locations of wells used i in this paper is not the method in 
general use by Mid-Continent aye but is the same as employed in “Deep Wells of Nebraska,” Ne- 
braska Geol. Survey Bull. 4, 2d Ser. (1931). It is thought that this will facilitate reference to the logs published 
in that bulletin. 


old core is still preserved in the Nebraska State University Museum, 
but the writer and other geologists have been denied access to it. 
Sioux quartzite may also have been reached in the Brick Plant 


well at Nebraska City, number 12, a test not generally credited as 
having reached the pre-Cambrian. If the bottom of this hole was not 


4 “Deep Wells of Nebraska,” p. 150. 


No. 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 | 
14 
15 
16 
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actually in quartzite it was undoubtedly within a very few feet of 
it. Other wells in this part of the state, in and near Omaha, have pene- 
trated nearly to the pre-Cambrian, which it is thought would have 
been Sioux quartzite. 

No wells reach the pre-Cambrian in the northeast corner of this 
state, but that area also is undoubtedly underlain largely if not wholly 
with the Sioux quartzite, which has been found in every pre-Cambrian 


TABLE III 


PrRE-CAMBRIAN OF WESTERN Iowa* 
DEEP WELLS WHICH REACHED PRE-CAMBRIAN (FIGURES IN FEET) 


Name Surface Depth of Depth to Pre-Camb. 
Elevation Well Pre-Camb. __ Elevation 


Algona 1,204 1,885 in granite 1,830 —626 
Holstein 1,457 2,040 in granite 2,020 — 563 
Hull 1,433 1 , 263 quartz-por- 755 678 
phyry and quartz- 
ite 
Sioux City 1,125 2,011 in schist (?) 1,480 —355 
Clarinda§ 1,012 §,275|| 3,570 —2,558 


DEEP WELLS WHICH DID NOT REACH PRE-CAMBRIAN (FIGURES IN FEET){ 


Gowrie 1,137 1,842 in Silurian 2,342+ —1,205+ 

Denison 1,170 1,810in Prairiedu  2,400+ —1,230+ 
Chien 

Oakland 1,102 1,936 in Silurian 2,500+ —1,400+ 
or Ordovician 

Atlantic 1,150 1,310in Devonian 2,510+ —1,360+ 

Stuart 1,205 3,021inCambrian 3,121+ —1,916+ 

Greenfield 1,370 2,505 base Ordo- 2,710+ —1,3903+ 
vician? 

Glenwood 1,031 2,200 in Silurian 3,025+ —1,994+ 

Bedford 1,098 2,400 near base 3,300+ —2,200+ 
Silurian 


* Data from Jowa Geol. Survey, Vols. XXI (1912) and XXXIII (1927); also from U. S. Geol. Survey 
Water-Supply Paper 293. 
In places in northwestern Iowa, the pre-Cambrian quartzite is cut by numerous igneous sills. See 
Towa Geol. Survey, Vol. XXI (1912), p. 1008. Se 
} The estimated depths to the pre-Cambrian and the estimated elevations of the pre-Cambrian in wells 
25 to pi eceaive are not to be regarded as accurate but as —_ suggestive. Some may be greatly in error. 
ie Clarinda well was first tabulated as not having reached the pre-Cambrian, but corrections sup- 


plied by Anthony Folger have made it necessary to place number 32 with the deep wells which reached 
pre-Cambrian. 
|) Still drilling, April 21, 1933 


well in northwest Iowa and in southeast South Dakota, supported 
by the additional evidence of the large area of exposed Sioux quartzite 
in the vicinity of Sioux Falls, South Dakota. According to Norton,5 
the pre-Cambrian quartzite is cut by numerous igneous sills in north- 
western Iowa. Some may be dikes or other intrusive forms. 

The pre-Cambrian rock reported in three deep tests has been schist. 


5 Iowa Geol. Survey, Vol. XXT (1912), p. 1008. 
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They are at Bassett, the Duthie well at Chadron, and at Holdrege 
(Trees Petroleum Company’s Bergman No. 1).® 

Samples from only the bottom 145 feet of the Bassett well num- 
ber 6, were recovered and examined. All were of pre-Cambrian rock 
but above this bottom 145 feet there is a gap in the record, where 
samples are missing for 275 feet. Hence, the pre-Cambrian may have 
been entered at a somewhat shallower depth than 2,820 feet or slightly 
above 497 feet below sea-level. The pre-Cambrian of this test is re- 
garded as a hornblende schist, but it may be sigr.ificant that the upper 
part of it contained “numerous sub-rounded to subangular frosted 
quartz grains” and seemed to be “‘very sandy.”’ This suggests that 
the uppermost material of the pre-Cambrian may be quartzite resting 
on the older and lower hornblende schist. The schist contains horn- 
blende, pyroxene (?), biotite, and undetermined minor and accessory 
minerals, including some magnetite. Hornblende is the predominant 
mineral. The United States Geological Survey has corroborated the 
correlation of the schist from this test. 

Dark gray, very hard and micaceous schistose pre-Cambrian rocks 
were entered below the Deadwood formation (Cambrian) in the 
Duthie well, 18 miles northeast of Chadron, number 7. The crystalline 
rocks were entered at a depth of 2,870 feet or at 155 feet above sea- 
level and drilled into to a depth of 77 feet. 

The pre-Cambrian crystalline rock was penetrated for a depth of 
1,152 feet in the Holdrege well (Trees Petroleum Company’s Bergman 
No. 1), number 9. It was entered at a depth of 4,526 feet or at 2,181 
feet below sea-level. The upper 27 feet consists of quartzitic mica 
schist, the remaining 1,125 feet is made up of thicker and thinner 
zones of mica schist, gneissoid granite (or gneiss), binary granite, 
hornblende granite,,and amphibolite. It seems probable that the 
igneous zones in this section may be sills, dikes or other injected forms 
intrusive into the ancient schists. 

Granite has been reported from the two deep tests at Table Rock, 
at Du Bois, and at Cambridge (Watkins well) in Nebraska and also 
from the Norcatur well in Kansas. 

Pink, very feldspathic granite has been reported from the Nor- 
catur well, number ro, and similar pink granite was examined by 
the writer from the Watkins well northwest of Cambridge, number 8. 
These two wells apparently are both located on or near the crest of 
the Cambridge anticline, which seems to contain a core of pink felds- 
pathic granite. 


® The log of the Holdrege (Bergman) well has not yet been published. 
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Similar pinkish feldspathic granite has been reported from the 
two wells at Table Rock and at Du Bois in Nebraska and also from 
several wells southward into Kansas. The depth to the pre-Cambrian 
(granite) in the Du Bois well was only 558 feet or at an elevation of 
461 feet above sea-level, the highest point so far known on the Nem- 
aha ridge in Nebraska. There may be some doubt as to the exact 
identification of this rock as massive granite, as is usually implied. 
It may be massive granite as indicated by the record of one of the 
Table Rock wells, number 2, where it was first reached at a depth 
of 700 feet and drilled into for almost another 800 feet, “in the hope 
that only a sill or shelf of granite has been encountered.” The granite 
here and southward into Kansas may indeed be a large subjacent 
injection or even a batholith, probably of pre-Cambrian age, not 
unlike the Harney Peak granite batholith of the Black Hills. 


PRE-CAMBRIAN SURFACE 


The accompanying contour map is an attempt to represent the 
pre-Cambrian surface as it would now appear if all overlying forma- 
tions were removed. It is not implied that the configuration of this 
ancient surface has always been the same, as will be discussed later. 
The contours are drawn to show at least the major relief features on a 
500-foot contour interval. Many minor relief features naturally es- 


cape representation with a 500-foot contour interval, also many 
features have no doubt escaped detection because of lack of sub- 
surface data. Test wells are indicated by numbers, as previously used 
in the preceding tables, and sea-level elevations on the pre-Cambrian 
are also tabulated on the map. Pre-Cambrian elevations which are 
below sea-level are indicated by a minus (—) sign. No great accuracy 
is claimed for this map but it is hoped that it represents faithfully 
such data as are available. 

G. E. Condra has discussed the “Highs and Basins’”’ of Nebraska 
briefly and also published a map showing the locations of the major 
pre-Cambrian features known to occur under this state. He also has 
discussed briefly the ‘‘Relation of the Platte Section to pre-Cambrian 
Bedrock Features.’’* Condra’s map and the present contour map agree 
on all major features. 

The northeast part of the state is undoubtedly underlain by Sioux 
quartzite, as previously noted, and the large, high area of exposed 


7G. E. Condra, E. F. Schramm, and A. L. Lugn, “Deep Wells of Nebraska,” 
Nebraska Geol. Survey Bull. 4, Second Ser. (1931), pp. 15-17. 


8 G. E. Condra, “Correlation of the Pennsylvanian Beds in the Platte and Jones 
Point Sections of Nebraska,” Nebr. Geol. Survey Bull. 3, Second Ser. (1930), pp. 54-56. 
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quartzite in the Sioux Falls region dominates the substructure of 
surrounding areas. Undoubtedly there is considerable relief on the 
old quartzite surface and in addition to minor relief features there 
seem to be large ridge-like and wide valley features radiating away 
from the area of exposure into northwestern Iowa, northeastern 
Nebraska, and eastern South Dakota. It would also seem likely that 
this large high area is connected on the south with the buried Nemaha 
mountains or “‘Granite (?) ridge’’ in the southeastern part of the state. 
The continuity of this ridge with the Sioux Falls “high”’ is interrupted 
by a saddle north and northwest of Omaha, as indicated on the map. 
There is some evidence to indicate the presence of a secondary small 
“thigh” or structure northwest of Omaha. 

Succeedingly younger systems of rock rest unconformably against 
the flanks of the Sioux Falls “high” by overlap, implying their de- 
position higher and higher against the quartzite during its existence 
as an island in the Paleozoic and Mesozoic seas. 

The Nemaha ridge is perhaps the most interesting feature of the 
pre-Cambrian surface under Nebraska. Its configuration and relief 
are shown on the map. Convincing evidence has now accumulated to 
show that the steep east slope is a fault scarp, with a relief of more 
than 3,100 feet in a horizontal distance of about 13 miles between the 
well at Du Bois, number 1, and the Salem well, number 14, in the 
Brownville-Forest City basin. Busby® has shown that the dispiace- 
ment of Pennsylvanian beds at some points along this fault, known as 
the Humboldt fault, is as much as 250 feet. The displacement along 
the same fault or zone of faults of lower and older Paleozoic forma- 
tions, where the same beds occur over the ridge and also in the basin, 
is several times this amount. The younger systems of rock rest un- 
conformably against the pre-Cambrian Sioux quartzite and granite 
by overlap, as was also noted in the case of the Sioux Falls pre- 
Cambrian “high.” These facts will be referred to again later. 

Condra’® has described the Nemaha mountains as follows. 

Granite (?) Ridge: An area in western Richardson County and eastern 
Pawnee County and extending southward and southwestward through Kan- 
sas, past Seneca, Beattie, Blue Rapids, Wamago, Zeandale and Eldorado, is 
underlain by granite at a comparatively shallow depth. This high, pre- 
Cambrian ridge has been described by Dr. R. C. Moore as the Nemaha Moun- 


tains. It is a buried structural feature in the Table Rock and related anti- 
clines. 


® C. E. Busby, “A Detailed Study of the Table Rock Anticline and the Humboldt 
Fault in Southeastern Nebraska,” unpublished thesis, University of Nebraska Library, 
Lincoln, Nebraska. 


10 “Deep Wells of Nebraska,” p. 132. 
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The Paleozoic formations are quite thick, in each flank of the Table Rock 
anticline up to near the borders of the granite ridge. This is well shown by 
wells drilled in Nebraska and Kansas. The condition on the east is shown 
by the Du Bois and Salem wells of Nebraska, and that on the west is shown 
by the Blue Rapids and Marysville wells of Kansas. A well about four miles 
northeast of Blue Rapids, Kansas, reached crystalline rocks at probably 1,600 
feet whereas a well about 2 miles south of Marysville was yet in the Paleozoic 
beds when abandoned at 2,335 feet. 


The Brownville-Forest City basin, which extends into the ex- 
treme southeastern corner of Nebraska is the most notable basin 
feature of the eastern part of the state. It is probably definitely 
separated from another basin which extends northwestward from 
south-central Iowa toward the saddle feature north of Omaha, al- 
ready noted. This is shown on the map (Fig. 1). 

Southwestward from the Sioux Falls high and westward from the 
Nemaha ridge, the pre-Cambrian surface slopes gradually into the 
great central Nebraska basin which extends southward into Kansas 
and northward into South Dakota. Since almost no data are available 
from this great central basin area, little is known of either the pre- 
Cambrian configuration under it or of the Paleozoic formations that 
may occur in it. 

The central basin is limited on the southwest by the Cambridge 
anticline, wells 8 and ro on the map, and on the northwest by the 
Chadron “dome” and the Black Hills as indicated on the map. The 
continuity of the Cambridge and Chadron “highs” or structures across 
the state as suggested by the contours, is largely hypothetical. How- 
ever, additional evidence in support of such a structural connection 
was obtained during the 1932 field season, when it was found that 
the Niobrara formation lies directly under the Tertiary beds a few 
miles east of the town of North Platte. This indicates that an anti- 
clinal structure extends under the Platte Valley at this point, since 
Pierre shale occurs east of this point nearly as far as Grand Island, 
and west of the high point on the Niobara, the Pierre shale dips south- 
westward. This may indicate a ridge or core of pre-Cambrian rock in 
this long anticline across the state as suggested on the map. 

Structures in the Cretaceous and underlying older formations 
down to and including a part of the Pennsylvanian system near the 
southwest corner of the state (Phillips Petroleum Company’s George 
Andrews No. 1, number 17 on the map) indicates a reversal of dip 
and the existence of an anticline in this area. There is no evidence to 
show that this structure reflects a “high” on the pre-Cambrian, but 
if it does, it falls within the 500-foot contour interval and is not in- 


i 
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dicated on the map. Westward of this the pre-Cambrian floor slopes 
steeply into a deep basin in northwestern Colorado. This basin ex- 
tends across the western end of Nebraska and northwestward into 
Wyoming between the Black Hills and the Hartville uplift. 


TOPOGRAPHIC AND STRUCTURAL INTERPRETATION 


The major relief features on the pre-Cambrian floor under Neb- 
raska and adjacent areas, as previously described, are believed first 
to have come into existence near the close of the pre-Cambrian time 
itself, probably in late or post-Huronian time. It seems probable that 
the Sioux Falls “high” and other positive features like the Nemaha 
ridge and possibly even the Cambridge anticline were first elevated 
into some prominence during the orogeny which brought the Protero- 
zoic era to a close. This disturbance is commonly known as the Kil- 
larney-Grand Canyon revolution. There may even have been a 
structural as well as a generic connection between these ancient north 
mid-continent structural features and the long and prominent Kil- 
larney Mountains, which are supposed to have extended from northern 
Minnesota northeastward to the Atlantic. 

The relative age of the pre-Cambrian schist, quartzite, and granite 
under Nebraska can not be determined, but some evidence has al- 
ready been given to suggest that the quartzite (Sioux) is younger than 
the schist. However, the quartzite may be more or less equivalent in 
age to the schist and may have a more or less interlayered or inter- 
fingered relation to the latter. The quartzite may have been deposited 
as sand and gravel nearer the ancient shore lines and the schist may 
have been, at least in part, more or less contemporaneous fine-tex- 
tured sediment laid down more remote from the source areas on the 
northeast. Volcanic products may have been contributed to the com- 
plex from time to time in some places. 

Granitic sills, dikes, et cetera, were undoubtedly intruded into 
the metamorphic series during or following the major orogenic events. 
The granite of the Nemaha mountains, the ‘‘Granite ridge” of south- 
eastern Nebraska and Kansas, is undoubtedly of pre-Cambrian age 
and it seems probable that it was intruded into the somewhat older 
schist and quartzite at the same time and later uncovered by erosion. 
The same may be true of the granite in the Cambridge anticline. The 
large extent and volume of buried granite, especially in Kansas, sug- 
gests that it may be a pre-Cambrian batholith, not unlike the Harney 
Peak batholith of the Black Hills, with sills, dikes, et cetera, emanat- 
ing from the parent igneous mass. 

The initial faulting along the east face of the Nemaha mountains 
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must have taken place contemporaneously with or following the sub- 
jacent injection of the granite. An alternative assumption is that the 
granite is the oldest rock, was peneplaned, and then more or less 
covered with sediment which had since been metamorphosed and the 
whole complex later faulted prior to Cambrian time. 

Additional faulting has taken place along the same rifts at several 
later periods during the Paleozoic era. This will be more fully dis- 
cussed later. 

A period of weathering and erosion, possibly even of peneplana- 
tion, followed the appearance of these prominent topographic features, 
as the Sioux Falls “high,’”’ the Nemaha mountains, et cetera, prior 
to the more or less complete marine inundations of the region during 
the Paleozoic era. All of the details of this early history are indistinct 
and may never be fully known, but it is clear that monadnock-like 
topographic and structural high areas or ridges featured the early 
Cambrian landscape of this region. The basins received their earliest 
Paleozoic sediments during late or upper Cambrian time, the epoch 
during which the Cambrian flood attained its maximum extent in 
that period. 

Proof of the monadnock-like character of the buried pre-Cambrian 

“highs” and ridges is found in the unconformable overlap relations 
of the higher and younger formations and systems of rocks against 
and onto the ancient crystalline rocks. Deep wells east of the Nemaha 
ridge or low on its slopes in any direction usually penetrate several 
hundred feet of older strata which were not deposited over the crest 
of the ridge. These older strata, especially the lower Ordovician 
and Cambrian formations, thin out against the pre-Cambrian. Speak- 
ing of the Nemaha ridge in connection with the Platte section, G. E. 
Condra" says: 
The rock systems younger than the Sioux quartzite in this general area, as 
shown by well logs, are the Cambrian, Ordovician, Silurian, Devonian, Mis- 
sissippian, Pennsylvanian and Cretaceous. Some of the lower Paleozoic forma- 
tions thin out and overlap against the Sioux quartzite high. For example, the 
Cambrian beds occur well out on the east and north flanks of the buried sub- 
structure but disappear against the latter. This is also true of the lower units 
of the Ordovician. 


The data in the table below and the figure which follows illustrate 
this interpretation of the Nemaha ridge. The Capitol Beach well at 
Lincoln is located approximately 38 miles west of the Amerada well 
at Nehawka and is relatively low on the pre-Cambrian slope. Ap- 


11 G. E. Condra, “Correlation of the Pennsylvanian Beds in the Platte and Jones 
Point Sections of Nebraska,” Nebr. Geol. Survey Bull. 3, Second Ser. (1930), p. 54. 
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proximately 72 feet of Cambrian sandstone (Jordan) and 113 feet 
of lower Ordovician beds were deposited at Lincoln against the west 
flank of the Nemaha ridge before St. Peter time, when the sea ex- 
tended over the ridge at Nehawka. South of Nehawka at the Table 
Rock and Du Bois vicinity the pre-Cambrian remained above water 
level until Pennsylvanian time. Between Nehawka and the Du Bois 
vicinity and between Lincoln and Du Bois, the entire Silurian, Devon- 
ian, Mississippian, and the lower part of the Pennsylvanian rest 
unconformably against the pre-Cambrian slope, each younger system 
overlapping beyond the older ones. 


TABLE IV 


SEA-LEVEL ELEVATIONS OF Tops OF SYSTEMS OR FORMATIONS IN WELLS USED To ILLUS- 
TRATE STRUCTURAL History OF NEMAHA RIDGE 


(Figures in Feet) 


Lincoln 
- Nehawka Papillion Nebraska City 
System or (Capitol Beach) (Amerada) (Victor Jeep) (Brick Plant) 
1140 Curb 1134 Curb Elevation 1114 Curb Elevation 932 


Mississippian +71* (601)f +672* +614* (58)T 
Devonian —78 (488) +410 +364 (46) — 508 
Silurian —228 (653) +365 +169 (196) — 673 
Maquoketa —673 (395) —278 — 341 (63) —1229 
St. Peter —807 (423) —384 —454 (70) —1390 
Cambrian —981 t Absent — 606 § — 1687 
Pre-Cambrian —1053 (620) —433 —756 (323) —1942 


* Sea-level figures are given to the nearest even foot, elevations above sea-level are headed by a 
plus (+) sign, and elevations below sea-level are headed by a minus (—) sign. 

‘igures in parenthesis indicate the number of feet the top of any system or formation occurs lower 
in the well in question than the top of the same bed in the Nehawka (Amerada) well, located on top of the 
Nemaha ridge. 

tA total of nearly 246 feet of St. Peter, lower Ordovician, and Cambrian beds occur in the Capitol 
Beach well, of which only 49 feet of St. Peter, resting on the Sioux quartzite, occur in the Nehawka well. 
total of 302 feet of St. Peter, lower Ordovician, Cambrian, and Red Clastic series occur in the 


Vv — Jeep well, of which only 49 feet’ of St. Peter, resting on the Sioux quartzite, occur in the Nehawka 
we! 


|| A total of 552 feet of St. Peter, lower Ordovician, and Cambrian beds occur in the Nebraska City 
well, of which only 4¢ feet of St. Peter, resting on the Sioux quartzite, occur in the Nehawka well. 


The same relation exists between the Amerada well and the Victor 
Jeep well at Papillion, approximately 25 miles north of Nehawka. In 
the Jeep well 20 feet of Red Clastic series, 130 feet of Cambrian 
formations, and 115 feet of the Prairie du Chien group were deposited 
on the pre-Cambrian quartzite slope prior to St. Peter time, when the 
sea covered both the Jeep and Amerada locations. 

The Brick Plant well at Nebraska City is located about 14 miles 
southeast of the Amerada location at Nehawka. It illustrates the 
same relations as the Jeep and Capitol Beach wells, and in addition, 
the subsequent Paleozoic faulting along the east face of the Nemaha 


(760) 
(918) 
(1038) 
(951) 
(1509) 
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ridge. If the bottom of the Nebraska City well reached Sioux quartz- 
ite or nearly reached it, then at least 250 feet of Cambrian, and 272 
feet of Ordovician beds below the St. Peter were deposited here prior 
to St. Peter time. These older beds were then deposited on the east 
flank against the pre-Cambrian slope and their thickness of more than 
500 feet quite probably is a fair measure of the relief on the Sioux 
quartzite between Nehawka and Nebraska City at the time of the 
first Cambrian sedimentation at Nebraska City, since it seems logical 
to assume a relatively level St. Peter sea bottom. The relief on the 
pre-Cambrian surface from Du Bois eastward into the Forest City 
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Fic. 2.—East-west relationships across pre-Cambrian Nemaha ridge. 


basin must have been at least 1,000-1,500 feet greater at the same 
time. It may even have been much more than this. 

The top of the St. Peter formation is now about 1,000 feet lower 
at Nebraska City than it is at Nehawka. It is thought that this is a 
result of subsequent displacement between these locations. Post- 
Pennsylvanian Permian faulting along the Humboldt fault has pro- 
duced a displacement of 200-250 feet. The top of the Mississippian 
system is 760 feet lower at Nebraska City than at Nehawka; hence 
it seems reasonable to assume that the post-Mississippian displace- 


| | 
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ment may have been as much as 500 feet, and by similar reasoning 
the post-Devonian displacement may have been in the neighborhood 
of 100 feet. Likewise it is thought that there may have been as much 
as 50-100 feet of displacement along the old fault following Silurian 
and also following Ordovician sedimentation. The Ordovician is ap- 
parently conformable on the Cambrian. Unconformities occur above 
the Ordovician, Silurian, Devonian (?), and Mississippian systems 
and this fact may complicate the interpretation of the figures. 

There is nearly twice as much Cambrian and lower Ordovician 
sediment below the St. Peter horizon at Nebraska City as at either 
Lincoln or Papillion. This is no doubt due to the greater depth of the 
basin at Nebraska City, which may have been a result of faulting 
accompanying or following the initial elevation of the Nemaha ridge. 
The fault passes east of Nehawka and Papillion, so that the Papillion 
and Lincoln locations have been raised from time to time with the 
whole Nemaha block. However, the block has also been tilted, raising 
points on its crest higher than points farther down on its western 
and northern slopes. This fact accounts for the St. Peter formation 
being 583 feet higher at Lincoln, and 936 feet higher at Papillion 
than at Nebraska City. The Papillion location is nearly on the crest 
of the ridge and has been elevated nearly as much as the Nehawka 
location. 

Other pre-Cambrian “highs” and ridges, such as the Sioux Falls 
area, the Cambridge anticline, and the Chadron dome, probably have 
similar histories and all are believed to have had their beginning at 
or near the close of pre-Cambrian time. The subsequent history of 
each high or ridge may have been different and more or less individual- 
istic, but it seems certain that the structural framework of Nebraska 
came into existence in late pre-Cambrian time and has dominated 
the structural and depositional history of the state ever since. 


PART II. PRE-PENNSYLVANIAN PALEOZOIC ROCKS 


Every Paleozoic system below the Pennsylvanian is represented by 
identifiable rocks in the subsurface section of Nebraska, and all are 
present at least east of the buried Nemaha ridge, previously discussed. 
The Cambrian, Ordovician, and Mississippian systems are known to 
occur west of this pre-Cambrian ridge, under the southern part of 
the state. However, every system except the Cambrian, if absent, 
is believed to be present in the Capitol Beach well at Lincoln. The 
Cambrian and Mississippian systems only are known to occur under 
the northwestern part of the state. The exact subsurface distribution 
of these rocks is not known with any accuracy. Also, the Silurian and 
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Devonian systems, while not yet recognized, are not certainly known 
to be absent in the great Paleozoic basin of central Nebraska (Fig. 1), 
or west of the Cambridge anticline. These systems may well be present 
in the basins and low on the flanks of the anticlines and buried ridges; 
since most of the deep tests have been located on structural and pre- 
Cambrian “highs,” these systems of rock may not have been en- 
countered. 

Table V, “Pre-Pennsylvanian Systems of Rock Encountered in 
Deep Wells in Nebraska,” is representative of the thicknesses and 
known occurrences of the systems under discussion. ““Deep Wells of 
Nebraska” should be consulted for detailed information and logs of 
these and other deep wells which penetrate the older Paleozoic rocks 
of the state. 

The early Paleozoic seas undoubtedly extended over the pre-Cam- 
brian surface from several directions. The Nemaha ridge projected 
above the water level and remained a large island or chain of islands 
until Pennsylvanian time, being more completely inundated during 
each successive period. There were rejuvenating uplifts from time to 
time, as explained earlier in this paper (see ‘“‘Pre-Cambrian, Topo- 
graphic, and Structural Interpretation’’). The Sioux Falls area of 
pre-Cambrian remained a prominent land mass throughout the 
Paleozoic era and during much of the Mesozoic era. The Cambridge 
anticline and the Chadron dome were apparently covered by the 
Cambrian sea but were elevated above water level afterward and 
remained islands until Pennsylvanian time, except the Chadron dome, 
which was covered by the Mississippian sea. This is indicated by the 
presence of Cambrian rocks (Deadwood or equivalent) in the Nor- 
catur (Kansas) well, the Watkins well at Cambridge, and the Duthie 
well near Chadron.” 

Post-Ordovician uplift occurred at Riverton and near Holdrege, 
as indicated by the presence of Cambrian and Ordovician formations 
in the Ohio well at Riverton and in the Trees, Bergman well No. 1. 
at Holdrege. The Silurian and Devonian systems seem to be absent 
in both of these wells, but both locations were again covered by the 
Mississippian sea as indicated in Table V. 

The absence of Cambrian materials in the Amerada well at 
Nehawka, and the absence of all pre-Pennsylvanian formations at 
Table Rock and Du Bois, is easily understood in the light of what has 
already been said, since these points were on or near the crest of the 


1 For detailed logs of these wells, see ‘Deep Wells of Nebraska,’ pp. 224-27, 
228-31, 275-77. 
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Nemaha ridge. However, the lack of Cambrian deposits, if absent, 
in the Capitol Beach well at Lincoln is not so easily understood. 

It is regrettable that several wells, otherwise good tests, which 
reached the Mississippian rocks, were not drilled deeper to penetrate 
older systems, if present, or to the pre-Cambrian. Also, it is unfortu- 
nate that better logs and complete suites of samples are not available 
from a few other wells, which penetrated the older formations and 
even reached the pre-Cambrian. 

The pre-Pennsylvanian Paleozoic section of Nebraska, at least 
under the eastern part of the state, is almost identical with the early 
Paleozoic section of Iowa, as exposed in northeastern Iowa and known 
from deep wells in that state.4* Many of the formations are believed 
to extend continuously from the areas of exposure under Iowa into 
Nebraska. Most of them are known to thin southwest under Iowa 
and this fact has been further substantiated by studies in Nebraska. 
The Silurian system is the only one which thickens in the eastern part 
of this state. The Cambrian and Ordovician systems, west of the 
Nemaha ridge, change somewhat in lithology and lose to some extent 
their identity with Iowa formations, and resemble more the Cambro- 
Ordovician rocks of Oklahoma (Arbuckle section—Regan sandstone 
to Sylvan shale interval). The Cambrian sandstone on the Cambridge 
anticline has been referred by some to the Deadwood formation of 
the Black Hills. The Deadwood formation is recognized in the Duthie 
well northeast of Chadron. 

Figure 3 represents four Nebraska wells correlated with a general- 
ized Iowa pre-Pennsylvanian section. The Maquoketa-Silurian con- 
tact is made a straight horizontal line to facilitate correlation in the 
figure. The vertical position of the beds in no way indicates structure. 
However, the figure, drafted in this way, does seem to substantiate 
the reasonableness of assuming an essentially level St. Peter sea bot- 
tom, in eastern Nebraska, as previously mentioned on page 1610. It is 
thought that sedimentation continued over a nearly level sea bottom 

until the close of Ordovician time (Maquoketa). 


RED CLASTIC SERIES 


The “Red Clastic series,” which has been reported as occurring 
widely distributed at the base of the Paleozoic section in Iowa," has 
been recognized at a few places in Nebraska. It is an arkosic sand- 
stone or conglomerate and is usually more or less red. It usually 


13 Towa Geol. Survey, Vols. XXI and XXXIII. 


M4 W. H. Norton and others, “Underground Water Resources of Iowa,’’ Jowa Geol, 
Survey, Vol. XXI (1912), pp. 70-71. 
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contrasts rather strikingly with the overlying lighter-colored, cleaner 
quartz sandstones of the Cambrian, which may be unconformable on 
it. 

The arkosic character of the ‘“‘Red Clastic series’”’ also contrasts 
noticeably with overlying sandstones, and this characteristic permits 
it to be fairly well described by the expression, ‘“‘Granite wash,” some- 
times applied to basal materials of almost any age derived by weather- 
ing from ancient crystalline rocks. It may be in ‘part a residue of 
weathering and in part transported and reworked by sub-aerial 
agencies, when the pre-Cambrian surface was exposed, prior to the 
upper Cambrian inundation. 

Its age is then problematical. Norton™ considers that this material 
may be pre-Cambrian in age, or that it may be middle Cambrian; 
in any case he seems to think that it is not closely related to the true 
upper Cambrian marine deposits. 


CAMBRIAN SYSTEM 


The true Cambrian formations so far identified from Nebraska 
wells, are thought to be the same as those known in Iowa and have 
been so correlated. They are all believed to belong to the Croixan 
series of upper Cambrian age. The Cambrian beds of eastern and 
southern Nebraska are also thought to be more or less equivalent to 


the Deadwood formation of the Black Hills, and to the Cambrian 
deposits of Oklahoma. 

It is generally true that the Cambrian subdivisions are more diffi- 
cult to recognize in Nebraska than in eastern Iowa, the sandstone 
units are more dolomitic and the dolomite units are more sandy. 
Differentiation of the individual lithologic units is easier to recognize 
in the southeastern part of the state, near or east of the Nemaha 
ridge, than elsewhere. The oldest Cambrian formations, so far recog- 
nized in the state, have been found in wells located some distance, 
usually several miles, from the crest of the ridge and, for the most 
part, east of it in the “Forest City basin.” 

The lowest Cambrian formations recognized in Iowa, the Mount 
Simon sandstone and the Eau Claire formation, have not as yet been 
recognized here, but even these beds may occur and may yet be 
identified from deeper drillings low on the flanks east of the ‘‘Nemaha 
Mountains.” 

Dresbach sandstone.—This formation seems to range from 15 to 
64 feet in thickness. It may be even thicker in some places and is 
entirely absent under large areas. It is made up of rounded to sub- 


16 W. H. Norton, op. cit., pp. 70-71. 
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angular quartz sand with a little fine admixture. It is usually white-to- 
light yellow-buff in color, and clean, but may contain some dolomitic 
cementing material. 

St. Lawrence formation.—This formation is made up of a lower 
member of marly glauconitic shale, containing many fine angular 
quartz particles known as the Franconia member, and an upper more 
or less massive dolomite unit known as the Trempealeau dolomite 
member. Both of these members are thought to have been recognized 
in the Victor Jeep well near Papillion. Here the Franconia member 
is 25 feet thick and is a dolomitic marl containing much very fine 
angular quartz silt, similar to but less pure than the Trempealeau 
member above. The Trempealeau dolomite member in the Jeep well 
is 53 feet thick, pure, gray, sparkling dolomite, vesicular and iron 
stained. The St. Lawrence formation is also believed to have been 
recognized in the Lane well near Omaha, where it may be 116 feet 
thick, and in the Ohio well at Riverton, where 37 feet of the formation 
may have been penetrated at the bottom of the well. 

Jordan sandstone.—This formation is believed to have been recog- 
nized in the Lane, Jeep, Brick Plant (Nebraska City), and Ohio 
(Riverton) wells and ranges from 18 to 68 feet thick. As a whole, it 
consists of fine-to-medium-coarse sand. The grains are usually angular 
to sub-angular fairly clean clear quartz. In the Jeep well at Papillion 
the texture is a little coarser than elsewhere and the grains are rounded 
to subangular. Nearly all parts of the formation are cemented with 
light gray-to-buff-colored crystalline dolomite. Some zones are more 
nearly pure dolomite and other zones contain some glauconite. Por- 
tions of the formation are more or less ferruginous and somewhat 
vesicular. In reality the formation is more of a dolomite or dolomitic 
“grit” than a sandstone. 


ORDOVICIAN SYSTEM!® 


This system has been identified in ten deep test wells drilled in 
Nebraska. They are the Miller Park and Lane wells in Douglas 
County; the Fort Crook, Jeep, and Schuyler wells in Sarpy County; 
the Nehawka (Amerada) well in Cass County; the Brick Plant well 
at Nebraska City in Otoe County; the Capitol Beach well in Lancaster 
County; the Ohio well at Riverton in Franklin County,and the Mor- 
gan well near Salem in Richardson County. 

The known thickness of the rocks of this system in the state ranges 
from 154.5 feet in the Nehawka well, where the lower part of the 


16 The writer is indebted to E. C. Reed, graduate student, University of Nebraska, 
for the tabulation of much of the data on the Ordovician system used in this paper. 
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Fic. 4.—Section showing thickening of formations northward over crest of Nemaha ridge. 
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Fic. 5.—Stratigraphy west of and along Nemaha ridge. Nehawka and Papillion are on 
or nearly on crest of ridge. See also Figure 4. 
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Ordovician (the Prairie du Chien) is missing and the St. Peter sand- 
stone rests directly on the pre-Cambrian Sioux quartzite, to a maxi- 
mum of 458 feet at Nebraska City. The average thickness is approxi- 
mately 281+ feet. The Ordovician thickens northward over the 
crest of the buried Nemaha ridge from nothing at Du Bois to 154.5 
feet at Nehawka, 265 feet at Papillion, and 272 feet in the Lane well 
near Omaha. This is well shown in Figure 4. Farther north, at Sioux 
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Drawn by Mb 
Fic. 6.—Forest City basin east of Nemaha ridge at Du Bois. See also Figure 7. 


City, Iowa, there appears to be about 300 feet of Ordovician present, 
as indicated in Figure 8. 

West of the buried Nemaha mountains the section thickens grad- 
ually to 308 feet at the Capitol Beach well at Lincoln and 305 feet 
were penetrated at Riverton. This system thins out to nothing at 
some point between Riverton and Cambridge. But east of the Nemaha 
ridge, the system thickens to a maximum of 458 feet at Nebraska City 
and 340 feet are present in the Fort Crook well and about 400 feet 
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have so far been encountered in the Morgan well near Salem. These 
relationships are shown in Figures 2, 3, 4, 5, 6, and 7. Ordovician 
rocks may be expected, at depth, under at least the southeastern 
third of the state, with the exception of a small narrow area along 
the crest of the buried Nemaha mountains. 

The Prairie du Chien group is made up of the Oneota, New Rich- 
mond, and Shakopee formations and is the older lower magnesian 
“series” in contrast to the Platteville-Galena, the old upper mag- 
nesian “‘series” of the earlier literature. The Prairie du Chien group 
is no doubt equivalent to the upper part of the Arbuckle limestone 
of Oklahoma. 

Oneota dolomite——This formation ranges from 8 to go feet in 
thickness, but is generally thin, averaging not much more than 10-20 
feet. The thickness of go feet, in the Ohio well at Riverton, may be 
too great or else it indicates a rather unusual local development. It 
is generally white or light gray-to-buff, somewhat vesicular, very 
pure crystalline sparkling dolomite. The cleavage fragments of the 
sparkling white dolomite are often mistaken for ‘“‘sand’’ by drillers. 
The formation contains thin “seams” or partings of dark red, green- 
ish, or dark gray-to-black shale. Angular fine quartz grains are found 
in some zones. 

New Richmond sandstone.—This formation is much like the under- 
lying Cambrian sandstones described earlier in this paper. It ranges 
from 12 to 42 feet in thickness and averages about 15 feet. It is really 
a dolomitic “grit” with many fragments of fine angular quartz or 
sand. Where it is very dolomitic, it is white-to-buff, crystalline, more or 
less ferruginous, pyritic, with thin partings of reddish, dull green-to- 
black shale. It almest everywhere contains angular quartz grains in 
greater quantity than the Oneota below or the Shakopee formation 
above. It is a “‘sandstone”’ only by comparison with the purer dolo- 
mites above and below it. 

Shakopee dolomite—This formation ranges in thickness from 57- 
155 feet and averages about go feet. It is a massive pure dolomite, 
white-to-buff in color, crystalline, slightly ferruginous, more or less 
vesicular, contains zones and thin partings of shale, usually green 
but in places red-to-black. Its cleavage fragments are sparkling and 
white, sometimes ferruginous, and like the fragments of the Oneota 
are sometimes mistaken for “sand” by drillers. In some places certain 
zones contain angular grains of fine quartz sand, but it is usually 
not “sandy.” 

St. Peter sandstone—The formation of the Shakopee dolomite, 
the upper member of the Prairie du Chien group, was followed by 
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uplift and general and widespread sub-aerial erosion. One of the most 
important unconformities of the lower Paleozoic occurs at this point. 
Trowbridge’ has described the development and the magnitude of 
this Prairie du Chien-St. Peter unconformity and has shown that the 
relief on the Prairie du Chien is as much as, or more than, 150 feet in 
northeastern Iowa. Trowbridge also pointed out the existence of two 
phases of the St. Peter formation: a valley phase and an upland phase. 
The existence of these two phases and the unconformable relation of 
the St. Peter sandstone to the dolomite below in Nebraska are both 
supported by evidence from several deep test wells. 

The St. Peter formation has been recognized and differentiated 
with reasonable certainty in eight deep wells in Nebraska: the Miller 
Park, Lane, Jeep, Schuyler, Nehawka (Amerada), Nebraska City, 
Capitol Beach, Trees Bergman No. 1 (Holdrege) wells. It has been 
penetrated also in the Fort Crook and Riverton wells, but has not 
been differentiated. 

The valley phase of the formation is thought to have been recog- 
nized in the Amerada well at Nehawka (7 feet only), the Schuyler 
well at Papillion (the lower 22 feet), and perhaps the lower 20-30 
feet of the formation in the Capitol Beach well at Lincoln may be- 
long to the valley phase. This phase consists of interbedded conglom- 
erate, shale, and sandstone layers, thin for the most part. The con- 
glomerate layers consist of dark pebbles in gray sand; the shale is 
also gray. Oboloid brachiopod fragments are fairly abundant. 

The formation as a whole ranges from 12 feet thick in the Lane 
well to 61 feet in the Schuyler well near Papillion. Its thickness 
averages about 45 feet. The upland phase is quite uniform in lithol- 
ogy, continuous and extensive in its occurrence. It is thought to have 
been recognized in a layer of sub-rounded, moderately fine, frosted 
quartz sand, in the Trees Bergman well No. 1 at Holdrege, at a depth 
of about 4,390 feet below the surface. The thickness of the bed is 
unknown as samples were preserved from only 9 feet, from a depth of 
4,386 to 4,395. The St. Peter sandstone is usually clean, light gray- 
to-almost white, fine-textured, well rounded and even frosted, quartz 
sand grains. It is usually more well rounded and finer in texture than 
the Cambrian sandstones and is generally friable and not cemented 
with dolomite. The St. Peter formation is not sharply differentiated 
from the overlying sandy shale, the Glenwood, into which it seems 
to grade. 

The St. Peter formation of Iowa, Missouri, and Nebraska is 


17 A. C. Trowbridge, “The Prairie du Chien-St. Peter Unconformity in Iowa,” 
Proc. Iowa Academy of Science, Vol. 24 (1917), pp. 177-82. 
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thought to be equivalent to one or more of the so-called “Wilcox” 
sand horizons of the Simpson formation of Oklahoma. 

Glenwood shale.*—This formation is recognized as a distinct strati- 
graphic unit by the Iowa State Geological Survey, but most geologists 
and other State surveys usually regard it as the lower part of the 
Platteville formation. It has been differentiated in the Lane, Jeep, 
and Amerada wells in Nebraska and has been recognized but not 
differentiated in several others. Where differentiated, it ranges from 
16 to 43 feet in thickness and consists of hard, dark greenish shale 
with selenite crystals and dark thin gray limestone layers, some sand- 
stone seams, more sandy in the lower part. The Glenwood beds are 
transitional between the St. Peter sandstone and the Platteville 
limestone. The Glenwood and the Decorah shales are much alike, 
but both differ from the Maquoketa shale in being harder, and typi- 
cally brighter green, at least greenish, whereas the Maquoketa is 
usually bluish gray or bluish green in color. 

The Glenwood shale has yielded fragments of ‘‘flattish ramose 
bryozoa,”’ Rafinesquina sp., Dalmanella sp., and Pinonodema sub- 
aequata from the core of the Amerada well.’® 

Platteville limestone——This formation is generally included with 
the Glenwood and Decorah shales in most logs. It has been differ- 
entiated in the Lane, Jeep, and Amerada wells. It consists of 20 
feet of ‘earthy blue and gray dolomitic limestone, massive, with 
some shaly partings”’ in the Jeep well at Papillion. It is 7 feet thick 
in the Schuyler well, also near Papillion, and is an “earthy blue and 
gray, argillaceous, dense limestone.”’ The “Platteville limestone, 
brownish, fine grained, dense, conchoidal fracture,” is said to be very 
typical in the core of the Amerada (Nehawka) well. It is 7 feet 2 
inches thick in this core and has yielded Rafinesguina sp., and 
Trematis ottawaensis. 

Decorah shale-——This formation includes all shale and calcareous 
beds between the Platteville and Galena formations. It has been 
recognized in the Lane, Jeep, Schuyler, Amerada (Nehawka) wells, 
and possibly in the Nebraska City (Brick Plant) well. It is usually 
about 20 feet thick and consists of a lower shale, the Spects Ferry 
member, a middle gray and argillaceous limestone, the Guttenberg 


18 W. H. Norton and others, “Underground Water Resources of Iowa,’’ Iowa Geol. 
Survey, Vol. XXI (1912), pp. 83-84. Also, U. S. Geol. Survey Water-Supply Paper 293, 
pp. 73-74. Also, “Deep Wells of Iowa,’”’ Iowa Geol. Survey, Vol. XX XIII (1928), pp. 
33-36. 


19 “Deep Wells of Nebraska,” pp. 71-86. 
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member, and an upper dark sandy shale, the Ion member.”® The 
Decorah beds are commonly distinctly dark green and greatly re- 
semble the Glenwood shale. In fact, the beds above the St. Peter 
sandstone to and sometimes including the Galena dolomite, are inter- 
pretable in more than one way. According to one interpretation the 
Decorah formation is only 17 feet thick in the Amerada core, but it 
can be otherwise interpreted to include other horizons, in which case 
it can be regarded as being 33 feet, 6 inches, thick in the same core. 
The writer favors the first interpretation, but has stated the basis for 
the validity of the second interpretation.” 

The upper shale member has yielded the following fossils from 
the Amerada core: fragments of ramose bryozoa, Rhinidictya sp., 
Homotrypa sp., Monticulipora sp., Rafinesquina sp., Rhynchotrema sp., 
Plectambonites sp., Zygospira recurvirostris. 

Galena dolomite-——The Galena formation is a distinctive lithologic 
unit of most well logs. It is usually recognized and is easily identified. 
It has been differentiated in the following wells in Nebraska: Miller 
Park, Lane, Fort Crook (?), Jeep, Schuyler, Amerada (Nehawka), and 
Nebraska City (Brick Plant). It is believed that it will be differen- 
tiated in the Trees Bergman well No. 1 at Holdrege and that it will 
be found to be unusually thick in the Morgan well near Salem. It 
was no doubt penetrated in the Ohio (Riverton) well, but has not 
been definitely differentiated in the log. 

The Galena formation is a grayish white-to-buff-colored, hard, 
finely crystalline, sparkling dolomite and magnesian limestone. It is 
more or less vesicular, and contains some chert and pyrite. It may 
include thin partings of greenish, hard calcareous shale. From data 
so far available, it ranges in thickness from 15 to 35 feet, averaging 
about 22 feet. 

Maquoketa shale-——This shale is one of the most distinctive and 
easily recognized formations in the entire lower Paleozoic section 
under Nebraska. Its thickness ranges from 20 feet to 113 feet and 
averages about 38 feet. However, about 60 feet is regarded as a more 
normal thickness. It is thin (20-30 feet), over the crest of the Nemaha 
ridge and thickens (60-113 feet), on the flanks of the ridge and in the 
basins. It has been recognized and differentiated in 10 deep wells in 
the state. It is bluish gray shale, calcareous, massive, somewhat 


20 G. Marshall Kay, “Stratigraphy of the Decorah Formation,” Jour. Geol., Vol. 
XXXVII (October-November, 1929), pp.639-71. Also, G. Marshall Kay, “‘Correlatives 
of Mohawkian Sediments in Kansas,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 13, No. 9 
(September, 1929), pp. 1213-14. 


21 See statement by the writer in ‘Deep Wells of Nebraska,” p. 86. The Nehawka 
(Amerada) well, pp. 71-86. 
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pyritic, and in very small fragments appears bluish green or greenish 
under magnification, especially with transmitted light. In bulk it is 
usually bluish gray in color but may be greenish. It contains thin 
dolomitic layers in some places. The Maquoketa shale is thought to 
be the exact equivalent of the Sylvan shale of Oklahoma. 

This formation yielded: Jsotelus sp., Plectambonites sericeus, Dal- 
manella sp., from the Amerada (Nehawka) core. At Riverton, the 
Maquoketa shale was found to be 65 feet thick in the Ohio well” and 
the middle and lower parts yielded the following fossils: Diplograptus, 
Climacograptus, Hormotoma, Homotrypa, Liospira, Rhinidictya, chono- 
donts, fish bones and plates. The writer® has stated the following re- 
garding the probable age of the Maquoketa beds in Nebraska. 

The fossils so far found in the Maquoketa are suggestive of the lower part 
of this formation. Diplograptus and Climacograptus are known from the Elgin 
beds.* The genus Homotrypa is known from somewhat higher horizons and 
some species of it are known from beds as low as the Ion member of the 


Decorah. The genera Liospira and Rhinidictya are common in the basal 
Maquoketa beds* and have a fairly wide vertical range. 


*H. S. Ladd, “The Stratigraphy and Paleontology of the Maquoketa Shale of Iowa,” Jowa Geol. 
Survey, Vol. XXXIV (1929), pp. 305-448. 

This paleontological evidence strongly supports the idea that the 
Maquoketa under Nebraska is the lower part of the formation. This 
conclusion is corroborated by the fact stated previously that the 
formation is thin (20-30 feet) over or near the crest of the Nemaha 
ridge and thicker (60-113 feet) low on the flanks of the ridge or in 
the basins. Apparently the post-Ordovician diastrophism elevated 
Nebraska above sea-level and aiso effected differential movement be- 
tween the ridges or “highs” and the basins. The upper or younger 
beds of the formation have been removed by erosion. This is strictly 
in agreement with the known facts of late or post-Ordovician history 
throughout the entire North American continent. 

It is thought that if any Ordovician strata were deposited across 
the Cambridge anticline or on the Chadron dome, it may have been 
completely removed by erosion as a result of differential uplift at 
this time.* Also anticlinal structures or other “highs’’ may have 
been raised sufficiently above the basins at this time so that no Silur- 
ian or Devonian strata ever came to be deposited over such structures 
as the Cambridge anticline, the Chadron dome, or at Riverton or 
Holdrege, where the Mississippian strata rest on the Maquoketa 
shale. 

2 “Deep Wells of Nebraska,” pp. 187-215. 

%3 Tbid., p. 215. 

*% Tbid., pp. 228-31, 275-77. 

Tbid., pp. 209-11. 
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SILURIAN SYSTEM 


The Silurian strata so far known in Nebraska seem to be con- 
tinuous with and equivalent to the rocks of the same system in Iowa 
and are so correlated. In age, they are middle Silurian or Niagaran. 
Accordingly, a very great regional erosional unconformity occurs 
below the Silurian strata and they rest unconformably on the eroded 
Maquoketa shale or older formations. The thickness of the Silurian 
system in Nebraska is great but also irregular, probably because of 
the irregularity and unevenness of the surface over which the Niag- 
aran sea advanced. 

Rocks of Silurian age have been recognized in 12 wells used in this 
report, all located in the eastern and southeastern part of the state, 
except the Forest City well in Missouri. Silurian strata have also been 
recognized in a deep well at Sioux City, Iowa, shown in Figure 8. 
The minimum complete thickness so far reported in Nebraska is 190 
feet in the Miller Park well at Omaha, and the maximum complete 
thickness is 643 feet, 1 inch, from the core of the Amerada well at 
Nehawka. The average thickness is about 427 feet. 

It is an interesting point that the maximum thickness,at Nehawka, 
is on or near the crest of the Nemaha ridge. Apparently the pre- 
Silurian peneplanation, at least in its iater stages, was not influenced 
by the buried “granite” or pre-Cambrian ridge at or near Nehawka. 
However, the ridge seems to have been well above sea level in the 
vicinity of Du Bois and Table Rock during the Silurian inundation. 
The presence of Silurian strata in western Nebraska and in the great 
central basin has not been demonstrated, but on the other hand the 
absence of Silurian strata has not been proved. 

The Silurian under eastern Nebraska consists almost entirely of 
light gray-to-bluish gray and in part brownish or buff-colored dolo- 
mite. Some chert and soft white tripolite-like siliceous material has 
been noted near the middle of the system. A very little bluish gray 
shale has been noted at some places and a little sandstone also in 
some wells. The dolomite is for the most part massive and heavily 
bedded. It is known to contain such characteristic Silurian fossils 
as: Favosites favosus, F. niagarensis, Halysites catenulatus, and Con- 
chidium occidentalis. 

Since no upper Silurian rocks seem to occur under even eastern 
Nebraska, and all of the Devonian system, except upper Devonian 
strata, is absent also, uplift and a long period of subaerial erosion 
seems to have followed the deposition of the Niagaran strata. 
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DEVONIAN SYSTEM 


All of the strata which have been correlated as Devonian in 
Nebraska apparently occur under only the eastern part of the state. 
The distribution seems to be about the same as for the Silurian beds, 
on which the Devonian rocks rest with great unconformity. There is 
no record so far of Devonian strata overlapping the Silurian and rest- 
ing on older beds. As in the case of the Silurian system, the presence 
of Devonian rocks has not been demonstrated in western or central 
Nebraska, nor has the absence of Devonian strata been proved. The 
presumption is strong that Devonian rocks are absent except in the 
eastern part of the state, since there are no Devonian formations in 
the Black Hills, Laramie and Hartville areas in Wyoming, in north- 
central Colorado (?), in the deep wells of northwestern Kansas, or 
in south-central Nebraska. 

The Devonian rocks consist mostly of very white-to-gray lime- 
stone or dolomitic limestone. A relatively thin bed of gray or greenish 
shale occurs commonly at the base and grayish or bluish shale layers 
may be encountered at other levels. The limestone is argillaceous and 
in part even glauconitic in some zones. Pyrite also occurs in places. 
The thickness ranges from 45 feet, 5 inches (or less?), to more than 
200 feet in Nebraska. The average for the area under consideration 
is about 160 feet. 

Almost nothing has been done to correlate exactly the Devonian 
beds in Nebraska. The 195 feet of Devonian found in the Jeep well” 
near Papillion is at least suggestive of the Wapsipinicon and perhaps 
the Cedar Valley divisions of the Devonian of Iowa. 


MISSISSIPPIAN SYSTEM 


Rocks belonging to the Mississippian system are now known to 
occur under essentially the entire state. Stratigraphically, the 
Mississippian strata may or may not be unconformable on the De- 
vonian, but the evidence is somewhat in favor of an unconformable 
interpretation. No Mississippian strata were deposited over the 
Nemaha ridge in the vicinity of Du Bois and Table Rock, which 
indicates that this part of the ridge was still an island or group of 
islands in the Paleozoic (Mississippian) sea. The Mississippian forma- 
tions naturally overlap extensively on the older formations and sys- 
tems of rock, even Ordovician and Cambrian, as at Riverton, Hol- 
drege, and Chadron.”? 


% “Deep Wells of Nebraska,” pp. 64-68. 
27 Ibid., pp. 187-215, 275-77. 
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Detailed correlations of the Mississippian strata of the state have 
not been made, but it seems quite certain that formations belonging 
to the Kinderhook and Osage groups are present. It is doubtful if 
beds of St. Louis age occur extensively, if at all, in the state, even 
though they are supposed to have been recognized in the core of the 
well at Forest City, Missouri.”® 

Mississippian strata range from about 110 feet to more than 400 
feet in thickness. The average thickness is nearly 300 feet and the 
thickness of this system is more uniform than that of either the 
Devonian or Silurian systems in the state. 
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Fic. 9.—Geologic profile section across western Nebraska. 


Cherty limestone, with beds of chert and brownish dolomitic 
limestone, are characteristic of the Osage formations of the system, 
especially in the south-central part of the state. The same beds seem 
to have less chert farther east. Partings and thin beds of greenish shale 
are also common. The Kinderhook group is represented by buff-gray, 
crystalline, dense and fine-grained rather massive limestone and, at 
least in some wells, by heavy bluish gray ‘“‘mouse-colored”’ calcareous 
shale. The Kinderhook shales are the most distinctive strata in the 
section above the Maquoketa shale. 

The Mississippian system is represented in northwestern Nebraska 


28 H. Hinds and F. C. Green, “The Stratigraphy of the Pennsylvanian Series in 
Missouri,’’ Missouri Geol. Survey, Vol. XIII, Second Ser., pp. 215-39. 
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by the Pahasapa limestone (356 feet) and the Englewood formation 
(45 feet), which lies in contact with the Deadwood formation of 
Cambrian age.*® The Pahasapa limestone is crystalline grayish white- 
to-white with some buff-colored zones and a very little gray shale. 
The Englewood formation consists of limestone, some reddish shale 
and a little sandstone. These formations are indicated in the Duthie 
well section in Figure 8. They are also represented in Figure 9, which 
indicates the general stratigraphic relations from north to south 
across western Nebraska. 

The Mississippian period closed with general uplift followed by 
erosion. The surface was dissected by drainage, and a mature topog- 
raphy resulted that is believed to have had a relief of at least 200- 
250 feet in eastern Nebraska, as it is known to have had in south- 
central Iowa.*® Hence, the Pennsylvanian deposits came to be un- 
evenly and unconformably laid down on a very irregular surface. 


CONCLUSIONS 


It should be evident to the reader, in view of the brief and some- 
what inconclusive evidence here presented, that very little is really 
known about the subsurface geology and stratigraphy of Nebraska. 
A number of excellent and reliable logs of carefully made deep-test 
wells have been preserved and are available, but it is preposterous to 
claim that the state has been adequately “tested” both as to the 
possibilities for oil and gas and for structure and stratigraphy in the 
deeply buried strata. More “dry” holes have been drilled locally in 
many oil-producing areas than have so far been drilled into the lower 
Paleozoic strata in the whole state of Nebraska. However, there is no 
gainsaying the fact, that so far there has been no very encouraging 
evidence that oil or gas exists in Nebraska in even modest quantities. 

Every Paleozoic system below the Pennsylvanian is represented 
by identifiable rocks in the subsurface section of Nebraska, and is 
present at least east of the buried Nemaha ridge. The exact subsurface 
distribution of each of the Paleozoic systems is not yet known with 
certainty. Apparently all formations are the same as, and continuous 
with, the pre-Pennsylvanian rocks of Iowa. The Cambrian and Ordo- 
vician rocks, and perhaps also the Mississippian of the southern part 
of the state, are also similar to correlative formations in Oklahoma. 
The fact that most of the deep-test wells so far drilled in the state 


29 “Deep Wells of Nebraska,” pp. 275-77. 

% A. L. Lugn, ‘The Mississippian-Pennsylvanian and Pennsylvanian-Plesistocene 
Unconformities in Lucas County, Iowa,’”’ Proc. Iowa Academy of Science, Vol. XXXII 
(1925), Pp. 351-56. 
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have been located on structural or on monadnock-like pre-Cambrian 
“highs” has precluded the discovery of many pre-Pennsylvanian 
Paleozoic rocks, which occur in the “‘basins.”’ This has led to the mis- 
conception that Nebraska was not invaded by all of the Paleozoic 
inundations. 

Sioux quartzite, granite, and schistose metamorphic rocks have 
been recognized in the pre-Cambrian. The present irregularities, the 
“basins and highs,” on the pre-Cambrian surface are the result of 
erosion and a long structural history. In general, succeedingly younger 
rocks rest unconformably by overlap against the pre-Cambrian 
“highs.” The principal erosional and structural “highs” are the 
“Nemaha mountains,”’ the Cambridge anticline, the Chadron dome, 
and the Sioux Falls area. ‘‘Basins,”’ or saddle-like depressions, occur 
on the pre-Cambrian surface between the “highs.” The largest of 
these trends from southeast to northwest across the central parts of 
Nebraska. The history of each ridge or “high”’ is more or less individ- 
ualistic, but it seemscertain that thestructural framework of Nebraska 
came into existence in late pre-Cambrian time and has dominated the 
structural and depositional history of the state ever since. 

Nore: Since the writing of all but the last few pages of this manu- 
script, the excellent and very thorough paper, dealing with most of 


the stratigraphic problemsof the lower Paleozoic systems of the Upper 
Mississippi Valley, by A. C. Trowbridge and G. I. Atwater,* has 
come from the press. This is a most excellent paper and several of 
the problems discussed have important bearings on correlations and 
interpretations of the pre-Pennsylvanian Paleozoic strataof Nebraska. 


31 A. C. Trowbridge and G. I. Atwater, “Stratigraphic Probiems in the Upper 
Mississippi Valley,” Bull. Geal. Soc. America, Vol. 45 (Feb. 28, 1934), pp. 21-80. 
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ESPERSON DOME, LIBERTY COUNTY, TEXAS! 


W. L. GOLDSTON, JR.,? anp GEORGE D. STEVENS?* 
Houston, Texas 


ABSTRACT 


The Esperson dome is one of the early deep-seated salt domes discovered as a direct 
result of geophysical work. In 1928 it was found by torsion-balance exploration. In 
1929 oil was discovered. Prior to March 1, 1934, forty-three wells were completed, 
including thirty-five oil wells. Seven producing horizons are in the Miocene and 
Oligocene formations. This dome is peculiar in that the salt mass has been thrust 
upward at an inclined angle leaning north of the vertical position. The crest formed 
by the arching of the beds above the salt mass moves horizontally with depth. 


LOCATION 


The Esperson dome, one of the early domes of the deep-seated 
type discovered as a direct result of geophysical work, is in the pro- 
vince commonly called the salt-dome area of the Gulf Coast. It is 
located in Liberty County about 30 miles east of Houston, being about 
1 mile south of the Beaumont-Houston Highway and about the same 
distance east of Cedar Bayou, which is the west boundary of the 
county. Dayton, 4 miles away, is the nearest town. 

The neighboring oil fields in this area occur on piercement-type, 
or shallow, salt domes. Barbers Hill dome is 6 miles southeast, South 
Liberty dome is 7 miles northeast, and North Dayton dome is 7 
miles northwest. 


PHYSIOGRAPHY 
The topography of the Esperson dome is typical of the Gulf Coast- 
al Plain. The terrane is almost flat, sloping southward and dipping 
about 2 feet per mile. The significance of the topography is the absence 
of any surface expression indicating the presence of a salt dome. 


HISTORY 


Christian Iden, employed by the Union Exploration Company 
in 1928, located and mapped the Esperson dome prospect as a result 


1 Manuscript received, May 18, 1934. 


2.8 Goldston and Stevens, geologists, 404 Sterling Building. The writers wish to 
acknowledge their indebtedness to the management of the General Crude Oil Company 
for permission to publish this paper, to the paleontological department of the Sun Oil 
re wed for interpretation of all cores and samples recovered from wells drilled in 
this field, to Christian Iden for permission to publish the original torsion-balance map, 
and to A. N. Wilson for drafting all maps and charts accompanying this paper. 
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of a torsion-balance survey of the Esperson lands in Liberty County. 
This survey showed twin domes about 3 miles apart. The west dome 
was the more prominent. 

The Union Exploration Company drilled Esperson No. 1 on the 
west dome to a depth of 5,795 feet and abandoned it as a dry hole, 
January 8, 1929. No showing of oil was found. Mrs. Paul Applin, 
however, reported this well to have reached the top of the Yegua 
near the bottom of the hole. Encouraged by the depth at which the 
formations were found in this hole, the Union Exploration Company 
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Fic. 2.—Topographic map of part of Esperson dome area. Prepared by 
engineering department of Cranfill-Reynolds Company. 


drilled their Esperson No. 2 about 2,500 feet north and a little west 
of the first dry hole. This well also was dry, and was abandoned, 
May 12, 1929, at the total depth of 6,014 feet. However, many Mio- 
cene and Oligocene sand horizons saturated with oil were penetrated 
by this well. On drill-stem tests, a few of these sands showed free oil 
with salt water. Correlation of the sands showed them to be appar- 
ently 200 feet higher in No. 2 than the corresponding sands occurred 
in the No. 1 dry hole. 

As a result of the oil showing in Esperson No. 2, Harvey Smith, 
independent operator, obtained a lease on a 34-acre tract about 3,000 
feet northeast of the Union Exploration Company’s No. 2 and began 
drilling. 
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GEOLOGIC COLUMNAR SECTION 
AT 
ESPERSON DOME OIL FIELD 
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Fic. 4.—Type columnar section, Esperson dome, determined from wells. 
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In the meantime, the Cranfill-Reynolds Company acquired the 
Esperson properties of the Union Exploration Company and began 
drilling Esperson No. 2-A, about 1,500 feet west and a little north of 
the Harvey Smith location. 

In August, 1929, Harvey Smith completed his well as the first 
oil well on the Esperson dome. It produced about 800 barrels daily 
from a sand at 3,306 feet. On September 9, 1929, the Cranfill-Rey- 
nolds Company completed its Esperson No. 2-A, producing go barrels 
daily, at a depth of 2,276 feet. 

Harvey Smith sold the discovery well and the 34-acre lease to the 
Yount-Lee Oil Company. Three additional wells were drilled on this 
property, but it was proved to be an east-edge lease and was aban- 
doned in 1931. 

Since abandonment of the Yount-Lee lease, the Cranfill-Reynolds 
Company has been the sole operator in the field. This company has 
drilled 38 wells. Of this number, 32 were completed as oil wells and 2 
as dry holes, and 4 deep wells were lost as a result of encountering gas 
in the Yegua sands. 


SURFACE GEOLOGY 


The surface beds at the Esperson dome belong to the basal mem- 
bers of the Beaumont clays. The nature of these clays and the topog- 
raphy of the area conceal any surface expression of structure that 
may be present. The Beaumont-Lissie contact is only a few miles 
north of the Esperson dome. The uplift of the surface beds, if any, 
is insufficient to bring the Lissie beds to the surface. 


STRATIGRAPHY 


The Beaumont clays are on the surface. This formation varies in 
thickness from a few feet to 200 feet. The first sands encountered rep- 
resent the base of these clays or the top of the Lissie formation. 

The Lissie formation consists chiefly of sands and sandy shales 
intermingled with clays. The sands in this formation are water-bear- 
ing, usually fresh water. The formation is approximately 1,000 feet 
thick. The first appearance of calcareous nodules and cementation 
in the sandstones and the first appearance of reworked Cretaceous 
Foraminifera in the clays represent the top of the Lagarto formation. 

Lithologically, the Lagarto and Oakville formations are very 
similar. For this reason, in this paper the two formations are con- 
sidered as a unit. The Lagarto and Oakville group is about 2,500 
feet thick and consists of sands, sandy shales, shales, and clays. The 
sand members are less prominent than those found in the Lissie 
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formation above. Water in sands is generally salty. In this group five 
sand members produce oil in the Esperson field: the 2,300-, 2,400-, 
3,100-, 3,300-, and 3,500-foot sands. Sandy zones at 2,700 and 2,900 
feet also show oil. 

The Catahoula formation contains the first paleontological mark- 
ers. The top of the formation is placed at the top of a 200-foot sand 
section, near the base of which occur the first Discorbis fossils. The 
Discorbis zone ranges in thickness from a few feet to 300 feet. The 
Heterostigina zone varies from 50-100 feet in thickness. The top of 
this zone is represented by a 2-foot limestone member, although in 
some wells it is missing. The Marginulina zone, which can not be 
determined lithologically, ranges in thickness from 200 to 300 feet. 
The base of this zone represents the top of the Frio. The 4,100- and 
4,500-foot sands occur in the Marginulina zone of the Catahoula 
formation. Showings of oil are also found in the Discorbis member 
of the formation at approximately 3,800 feet. 

On the Esperson dome the Frio beds are considerably thinner than 
their normal thickness. On top of the structure they are approxi- 
mately 700-800 feet thick. They consist of sands, shales, and sandy 
shales. The shales are gray and are easily distinguished from the black 
and blue shales of the Vicksburg. No producing sands occur in the 
Frio. However, good showings of oil are found at 4,600 and at 5,000 
feet. 

Lithologically, with the exception of the Claiborne-Jackson con- 
tact, the top of the Vicksburg is the most clearly marked contact 
penetrated on the Esperson dome. With the exception of two or three 
sand members, this formation is all shale and sandy shales. To the 
driller these are “‘ring-tail’’ shales. The greatest thinning of any forma- 
tion on the Esperson dome structure itself occurs in the Vicksburg. 
Its thickness varies from only approximately 200 feet in the Cranfill- 
Reynolds Kirby No. 1 to 700 feet in some of the wells drilled on the 
edge of this uplift. The sand member 200 feet below the top of this 
formation yields a good showing of oil, and should be proved as a 
producing zone when tested on the top of the structure. 

The Jackson formation is divided into three zones, namely, 
Whitsett, McElroy, and Caddell. The “T” Hockleyensis marks the 
top of the McElroy. The Dibollensis fossil zone represents the top of 
the Caddell. This group consists entirely of shales, blue and dark 
colors predominating. The extreme thinning which occurred in the 
Vicksburg is also found in the Whitsett member. Below the top of 
the McElroy the beds are more or less constant in thickness. Even in 
these lower members there is much thinning but it is not so noticeable 
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as that in the Whitsett and Vicksburg. The Jackson formation varies 
in thickness from 500 to 1,000 feet. The Whitsett member averages 
150 feet in thickness; the McElroy member is approximately 300 
feet thick; and the Caddell is approximately 180 feet thick. 
Brownish and maroon shales compose the upper part of the Clai- 
borne. These shales are much harder and more compact than the 
Jackson shales. The Claiborne formation consists of two members, 
the Cockfield and the Yegua. The Cockfield is shale and ranges in 
thickness from nearly o—-so feet. The Yegua consists of sand, shales, 
and sandy shales, and its thickness, as found in the Yount-Lee Es- 
person No. 3, is at least 2,000 feet. Moore’s Bluff No. 10 penetrated 
850 feet below the top of the Claiborne. In this well the bottom 200 
feet was salt, this salt occurring from 7,238—7,428 feet. Esperson No. 
5 was drilled approximately 300 feet below the top of the Claiborne. 
Davis No. 7 penetrated the Yegua somewhat more than 800 feet. 
The Cranfill-Reynolds Company’s Kirby No. 1 was drilled about 200 
feet into the Yegua beds. In this well, salt was found at 6,030-6,060 
feet, this depth being about roo feet below the top of the Yegua. 
Below this 30-foot bed of salt, Yegua sands and shale were found 
to a total depth of the hole at 6,130 feet. There is no production at 
this time from the Claiborne. However, the drilling of the foregoing 
wells has proved the existence of at least three productive gas hori- 
zons. These occur at approximately 300, 600, and 1,000 feet, respec- 
tively, below the top of the Cockfield. Moore’s Bluff No. 10 and Kirby 
No. 1 each showed some oil at 7,070 and 6,150 feet, respectively 


GEOPHYSICAL STRUCTURE 


From surface indications alone, there is no evidence of an uplift 
in the Esperson field. This dome was discovered as a direct result of 
a torsion-balance survey. Figure 5 is a copy of the original torsion- 
balance map made by Christian Iden. As a comparison with this 
map, the writers also present in Figure 6 a seismograph map prepared 
in 1930, 2 years after the discovery well, by Piepmeyer and Company. 
This work was a combination of refraction and reflection shooting. 
No attempt was made by this company to contour the beds but the 
outlines of the domes in the area were determined as shown on the 
map. 


SUBSURFACE STRUCTURE 


The Esperson dome is more or less typical of structures of this 
type on the Gulf Coast. There is little uplift on the surface beds. The 
uplift increases in intensity with depth. The uplift in the Miocene 
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Fic. 11.—West-east section (DD’, Fig. 3) of Esperson dome producing area. 
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Fic. 12.—Northwest-southeast section (4A’, Fig. 3) of Esperson dome producing area. 
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Fic. 13.—Southwest-northeast section (BB’, Fig. 3) of Esperson dome producing area. 
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beds is approximately 300-500 feet, that in the Oligocene beds is 500- 
800 feet, and the maximum uplift in the Yegua formation is 2,500 
feet. The top of the structure, as reflected in the Miocene and Oligo- 
cene beds, covers about 700 acres; that reflected in the Yegua beds 
covers probably 1,500 acres. 

The Esperson dome structure is peculiar in that the top of the 
dome as reflected in the beds above the salt, changes in horizontal 
position with depth. The top of the Miocene structure is between 
Moore’s Bluff No. 7 and Esperson No. 17. The top of the Oligocene 
structure is approximately 2,000 feet south of this. The top of the 
Yegua uplift, as interpreted from data available at this time, is 
between the Cranfill-Reynolds Company’s Kirby No. 1 and the Union 
Exploration Company’s Esperson No. 1. As now interpreted, the top 
of the Yegua structure is approximately 0.75 mile south of the top 
as reflected in the Miocene sands. The high point on the Yegua 
structure is approximately 300 feet down-dip from the high point on 
the Oligocene and Miocene contours. It is interesting to note that 
the top of the Yegua structure coincides with the top of the dome as 
determined by the torsion balance. This condition of horizontal shift- 
ing of the top of these beds with depth is illustrated in Figure 5. 
Apparently, the salt mass is not standing vertically. It is inclined 
north of a vertical position. The beds apparently are folded directly 
above a line projected upward at right angles to the base of the salt 
mass. 


STRUCTURE AND OIL AND GAS ACCUMULATION 


The area proved productive in the Miocene and Oligocene sands 
is approximately 400 acres. Three hundred additional acres are semi- 
proved in these sands. The oil and gas sands are lenticular, irregular 
in size and shape, and overlap one another on top and on the flanks 
of the structure. In general, these sand lenses “shale-out” toward 
the top of the structure and thicken down the flanks. Each productive 
lens is a separate oil pool. It has its own critical water level in respect 
to edge water. In most places bottom water occurs in the basal parts 
of the sandy member and persists to the highest position occupied by 
the oil lens. Therefore, water occurs in most of the oil wells during 
the early part of their life. 

The top of the structure as reflected in the Yegua beds is much 
greater in area than that found at the depths of the Miocene and 
Oligocene formations. At this depth the top of the uplift is estimated 
to cover probably 1,500 acres. The salt found in Moore’s Bluff No. 
10 indicates that a part of this area at the depth of the Yegua beds 
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is pierced by the top of the salt dome. Should this be proved, the 
Yegua production will be found on the flanks of the dome, the outer 
limits being determined by the critical oil-water contact levels in 
the various producing horizons. 


PRODUCING HORIZONS 


On the Esperson dome seven sand members have been found pro- 
ductive of oil. Among these, five occur in beds of Miocene age and two 
are Oligocene in age. In the Yegua formation, three members have 
shown gas in commercial quantities. No wells, however, have been 
completed in these horizons. 

The discovery well was in the 3,300-foot horizon. This lens occurs 
on the northeast side of the structure. Its productive area is less 
than roo acres. The oil sand averages in thickness about 40 feet. The 
highest part of the lens occurs in Esperson No. 2 and No. 13 at a 
depth of approximately 3,160 feet. The oil-water contact occurs at 
approximately 3,340 feet. Esperson wells Nos. 2, 3, 4, 8, 10, 13, 14, 
15, and 16 were completed as producers from this lens. Yount-Lee’s 
Esperson wells No. 1 and No. 2 were also completed in this sand. 
Moore’s Bluff No. 1o on the west side of the dome found a productive 
sand in this horizon. This, apparently, is a separate lens, the areal 
extent of which is undetermined. 

The 2,300-foot sand lens apparently covers more area than that 
of any of the productive lenses outlined by the drill to date (March 1, 
1934). This lens is on the northwest side of the dome and covers 
approximately 200 acres. Davis wells Nos. 1, 2, 3, 4, 5, and 6, Moore’s 
Bluff Nos. 1, 2, 3, 4, 5, 6, 7, and 8, and Esperson wells Nos. 6 and 7 
were originally completed in this sand. The average thickness of the 
oil horizon in this sand is 30 feet. The highest producing well in this 
lens is found in Moore’s Bluff No. 7 at approximately 2,200 feet. The 
oil-water contact occurs at about 2,350 feet. Another lens is found 
on the northeast side of the dome. Esperson No. 2 was originally 
completed in this sand. Esperson Nos. 11, 12, and 17 were also pro- 
ductive in this zone. The areal extent of the lens has not been de- 
termined by the drill. 

The 2,400-foot lens occurs also on the northeast side of the uplift. 
This sand was found in Esperson No. 11 and No. 12. The areal extent 
of the lens is undetermined. 

The 3,100- and 3,500-foot sand lenses are on the north and north- 
west sides of the dome. Both sands have been found in Moore’s Bluff 
No. 1o and No. 11 and in Esperson Nos. 5, 18, and 20. Davis No.1 
produced for a time from the 3,500-foot sand. At present, Moore’s 
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Bluff No. 1 is the only well producing from the 3,500-foot sand. 
Esperson wells Nos. 5, 6, and 20 are producing from the 3,100-foot ; 
sand. The areal extent and the critical water level in these sands 
have not been determined. 

The 4,100-foot sand horizon is approximately 100 feet below the 
Heterostegina limestone member in the Oligocene formation. This 
horizon approaches more nearly a blanket sand condition than any 
of the other producing horizons. It produces in Davis Nos. 1, 2, and 
4, Moore’s Bluff No. 2, and Esperson No. 18. The zone was also found 
in the Union Exploration Company’s Esperson No. 2, the Cranfill- 
Reynolds Company’s Esperson Nos. 5, 9, and 17, and in the latter 
company’s Moore’s Bluff Nos. 1o and 11. The average thickness of 
the oil sand is about 20 feet. The lower members of this zone contain 
water over the top of the structure. 

Moore’s Bluff No. 11 is producing from the sand member at ap- 
proximately 4,500 feet. This horizon was also found in Esperson No. 
5 and in Union Exploration Company’s Esperson No. 2. This sandy 
zone apparently covers the top of the dome. 

Gas has been found in three members of the Yegua formation. 
These sand members occur at approximately 300, 600, and 1,000 
feet, respectively, below the top of the Yegua. The upper member 
averages about 50 feet in thickness. The middle member is 10-60 | 


feet thick. Only one well has been drilled to the lower member. This 
sand was penetrated by Yount-Lee Esperson No. 3 about 7 feet. As 
this member was not penetrated, the thickness is undetermined. The 
Yount-Lee Esperson No. 3 found gas in both the lower and middle 
members. A little below 7,400 feet this well blew out with an estimated 
volume of 50 million cubic feet of gas coming from the second sand 
member in the Yegua. The Cranfill-Reynolds Company’s Esperson 
No. 5 produced gas and distillate for about 1 year from the upper 
sand horizon at approximately 6,730 feet. The same company’s 
Davis No. 7 also produced gas and distillate for a time from this 
horizon at a depth of approximately 6,900 feet. Moore’s Bluff No. 10 
penetrated the upper and middle producing members of the Yegua 
beds. These members occur at approximately 6,900 and 7,070 feet, 
respectively. Gas was found in the upper member and both gas and 
oil in a limited quantity in the second member. The Cranfill-Reynolds 
Company’s Kirby No. 1 found gas in the upper member at a depth 
of approximately 6,130 feet. At this depth some oil also was found. 


HISTORY OF UPLIFT 


Growth of the Esperson dome began before the close of Claiborne 
time. The movement of the salt intrusion began before the close of 
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the deposition of the Yegua beds. The thick deposits of these beds as 
found in Yount-Lee Esperson No. 3 indicates that this dome move- 
ment was either in a quiescent period during the deposition of ihe 
Yegua or did not begin until near the close of this period. The absence 
of the Cockfield member of the Yegua over most of the dome and the 
thinning, as found in the Cranfill-Reynolds Company’s Kirby well 
No. 1, of the interval between the top of the Claiborne and the first 
sand member in the Yegua, as compared with that found in wells 
lower on the structure, indicate very clearly that the uplift was 
progressing before the close of the Claiborne period. This movement 
continued through the Eocene, Oligocene, Miocene, and probably 
into the Pliocene period of time. Apparently, the greatest intensity 
of the movement occurred near the close of the Eocene and during 
early Oligocene time. The Whitsett member of the Jackson and the 
Vicksburg member of the Oligocene are practically missing on top 
of the structure, as indicated by the thin section of this group of 
sediments found in the Cranfill-Reynolds Company’s Kirby No. 1 
and the Union Exploration Company’s Esperson No. 1. The absence 
of sands indicates that even during this period, as was the case in 
early and middle Jackson time, the area was submerged and was 
probably a submarine knoll. At the beginning of the Frio seas, the 
Esperson dome became the scene of a series of oscillations which 
alternately brought its crest above or depressed it below the plane 
of erosion and deposition. During these oscillations, numerous sand 
lenses were deposited, overlapping one another and intermingling 
with shales and clays. By late Pliocene time, the Esperson dome had 
reached a stage of quiescence. The normal thickness of the Lissie and 
the undisturbed position of the Beaumont clays indicate that this 
quiescent period has continued. 


GENERAL PRODUCTION DATA 


The average initial production of the Esperson dome oil wells is 
about 300 barrels daily. Because of the low pressure in this field, 
some of the wells initially do not flow. The average life of the flowing 
wells is about 60 days. Twelve months is the maximum flowing life 
of any well in the field. There are now (March 1, 1934) twenty-five 
oil wells, six wells having been either shut down temporarily or aban- 
doned. The active wells are being pumped. 

The total production from the field to date (March 1, 1934) is 
approximately 2,700,000 barrels of oil, or almost 7,000 barrels per 
proved acre. The average production per well to date (March 1, 1934) 
is approximately 80,000 barrels of oil. The present daily production 
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is 1,300 barrels of oil. The average production of water is approxi- 
mately 4 barrels for each barrel of oil. 

The oil being produced in this field is Grade “A” Gulf Coast crude. 
The Miocene sands produce 22° gravity oil and the two horizons in 
the Oligocene formation produce 25° gravity oil. Analyses of these oils 
from Cranfill-Reynolds wells are here given. 


ANALYSIS OF OIL FROM 3,300-FOOT MIOCENE SAND IN ESPERSON NO. 4 


Gravity 21.9° A.P.I. 

Paraffine 0.21% 

Sulphur 0.24% 

Flash 260 4 

Fire 300 

Viscosity 7o2 at 82°F. 
393 at 100°F. 


182 at 130°F. 


ANALYSIS OF OIL FROM 4,100-FOOT OLIGOCENE SAND IN DAVIS NO. I 


Gravity 24.8° A.P.I. 
Paraffine 0.21% 
Sulphur 0.20% 
Gasoline 7.56% 
Light oil gas 19.86% 
Bottoms 72.48% 
Loss 0.10% 


ANALYSIS OF DISTILLATE FROM 6,700-FOOT YEGUA SAND IN ESPERSON NO. § 


Gravity 
Navy gasoline A 165.00 ; 
Navy gasoline B 138.00 
Navy gasoline C 104.28 
Gasoline (Int.—410) 195.40 
Paraffine .005% 
Sulphur .006% i 
Bottoms 4.20% : 


Loss 0.389% 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
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PHOSPHORIA AND DINWOODY TONGUES IN LOWER 
CHUGWATER OF CENTRAL AND SOUTHEASTERN 
WYOMING! 


HORACE D. THOMAS? 
Laramie, Wyoming 


ABSTRACT 


Marine limestone and sandstone tongues extend southeastward from the Phos- 
phoria and the Dinwoody formations of the Wind River Mountains and the Owl Creek 
Mountains, interfingering with the red shales in the base of the Chugwater formation 
in central and southeastern Wyoming. The intercalated marine beds and red shales 
constitute the red-bed ““Embar’”’ of central Wyoming. The nature of the lateral change 


from the Phosphoria and the Dinwoody facies to the red-bed Chugwater facies is 
described. 


INTRODUCTION 


Do the typical marine sediments of the Phosphoria and the Din- 
woody formations of the Wind River Mountains grade eastward 
into red beds? The opposing views of various investigators led the 
writer to make a detailed stratigraphic study of the relations of the 
Phosphoria and the Dinwoody formations to the red-bed “Embar”’ 
of central Wyoming and to the red Satanka shale, the Forelle lime- 
stone, and the Chugwater red beds of the Laramie Basin. 

In 1906, Darton* applied the name, Embar formation, to a suc- 
cession of beds which occur above the Tensleep sandstone (Pennsyl- 
vanian) and below the red Chugwater shale (Triassic?) on the north 
flank of the Owl Creek Mountains in north-central Wyoming (Fig. 
1). Blackwelder* subsequently gave the name, Dinwoody formation® 
(Fig. 2), to the drab sandstones and shales composing the upper part 
of Darton’s Embar, and correlated the lower portion of the Embar 
with the Park City formation of Utah. Previously, Richards and 


1 Manuscript received, September 9, £934. 
2 University of Wyoming. 
3 N. H. Darton, “Geology of the Bighorn Mountains,” U. S. Geol. Survey Prof. 


Paper 51 (1906), p. 35. “Geology of the Owl Creek Mountains,” soth Cong., First Ses- 
sion, Sen. Doc. 219 (1906), pp. 17-18. 


‘ Eliot Blackwelder, “New Geologic Formations in Western Wyoming,” Jour. 
Washington Acad. Science, Vol. 8 (1918), pp. 417-26. 


5 Type locality: Dinwoody Canyon, Wind River Mountains. 
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Mansfield® had applied the name, Phosphoria formation, to the upper 
two members of the Park City. Since the time of Blackwelder’s 
work, it has been found that the portion of the Embar which he called 
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Fic. 1.—Index map of central and southeastern Wyoming. 


Park City corresponds to only the Phosphoria portion of the Park 
City of the type locality. Consequently, the name, Phosphoria, is now 
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Fic. 2.—Evolution of nomenclature of Phosphoria and Dinwoody formations. 


used for the lower portion of Darton’s Embar, and the upper portion 
is known as the Dinwoody formation. 


* R. W. Richards and G. R. Mansfield, “The Bannock Overthrust,”’ Jour. Geol., Vol. 
20 (1912), p. 684. 
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The name, Chugwater formation, had been given by Darton’ to 


... the series of red beds extending along the foot of the Bighorn range 
southward through Wyoming and Colorado. 


In its original definition the name included all the beds above the 
Tensleep sandstone and below the Sundance formation (Jurassic). 

In central Wyoming a succession of alternating red shales and 
limestones occupies essentially the same stratigraphic position as the 
Embar of the type locality and was originally included by Darton® in 
the base of his Chugwater formation. These beds rest upon the Ten- 
sleep sandstone and are overlain by the main body of the red shales 
of the Chugwater. Even though they differ in character from the 
type Embar, that name was carried southward, and they also became 
known as “‘Embar.” Lee® believed the succession to be younger than 
the type Embar and designated it as “The Embar of Oil Geologists.” 
Others have indicated it as ““Embar (?) formation.’’ Controversy has 
arisen as to the relation of the red shales and limestones to the Phos- 
phoria and the Dinwoody formations. 

In the Laramie Basin the red Satanka shale and the Forelle lime- 
stone were named and removed from the base of Darton’s original 
Chugwater by Darton and Siebenthal.!° The Satanka overlies the 
Casper formation (Pennsylvanian) and is separated from the main 
body of the red shales of the Chugwater by the Forelle limestone. 
The Satanka and the Forelle have heretofore been recognized as 
bearing some indefinite relation to the red-bed “Embar”’ of central 
Wyoming. 

Disregarding those writers who have stated in a casual manner 
that the Phosphoria and the Dinwoody do, or do not, grade into red- 
beds, the present status of the problem of the stratigraphic relations 
of the formations may be summarized as follows. 

Condit" studied the Embar of the type locality and reached the 
conclusion that the beds now known as Phosphoria and Dinwoody in 
the Owl Creek Mountains are represented farther east in the Bighorn 

™N. H. Darton, “Comparison of the Stratigraphy of the Black Hills, Bighorn 


Mountains and Rocky Mountain Front Range,’’ Bull. Geol. Soc. America, Vol. 15 
(1904), Pp. 397. 


8 Op. cit., p. 397. 


® Willis T. Lee, “Correlation of Geologic Formation between East-Central Colo- 
rado, Central Wyoming and Southern Montana,” U.S. Geol. Survey Prof. Paper 149 
(1927). 


10N. H. Darton and C. E. Siebenthal, “Geology and Mineral Resources of the 
Laramie Basin, Wyo.,” U.S. Geol. Survey Bull. 364 (1909). 


11 —D. D. Condit, ‘Relations of the Embar and Chugwater Formations in Central 
Wyoming,” U. S. Geol. Survey Prof. Paper 98 (1916). 
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Mountains by a succession of red beds. Later, however, Lee™ con- 
cluded that the Phosphoria and the Dinwoody formations are cut off 
farther east by an unconformity and that the red beds known in 
central Wyoming as ‘‘Embar,” and also the Satanka shale and the 
Forelle limestone of the Laramie Basin, are younger than the beds 
originally called Embar. 

More recently C. C. Branson has advanced a slightly different 
view. He reworked the area between the Owl Creek and the Bighorn 
Mountains which had been discussed by Condit, and also noted that 
the stratigraphic interval occupied in the Owl Creek Mountains by 
the Phosphoria and Dinwoody formations is occupied in the Bighorn 
Mountains by a red-bed series, which, in his opinion, 


. .. is continuous with and entirely similar to the overlying Chugwater. 
He believes, 


that the area now occupied by the Bighorn Mountains was above the sea and 
was being eroded while the Phosphoria and Dinwoody formations were 
being deposited to the west. 

Three relationships, then, have been suggested up to the present. 
(1) Condit’s belief of gradation between the Phosphoria and the Din- 
woody and the red-bed ‘‘Embar,’’(2) Lee’s view that a post-Dinwoody 
unconformity separates the Phosphoria and the Dinwoody from the 
red beds, and (3) Branson’s belief that the base of the Chugwater is 
homotaxial and that certain areas in Wyoming were being eroded and 
received no sediments during Phosphoria and Dinwoody time. 

Field Work.—Condit and Branson both traced the Phosphoria 
and the Dinwoody from the Owl Creek Mountains into the Bighorn 
Mountains witha resultant conflict in their interpretations. Lee traced 
the red beds from the Laramie Basin northward to the Owl Creek 
Mountains and then made studies along the Wind River range. The 
writer, following a different course, traced the Phosphoria and the 
Dinwoody from the Owl Creek Mountains along the Wind River 
Mountains to the southern end of that range (Fig. 1), thence east- 
ward to the Green Mountains, the Ferris Mountains, and the Freeze- 
out Hills, and southward along the west flank of the Laramie Moun- 
tains to the southern end of the Laramie Basin. Studies were also 
made in the Rattlesnake Hills and in the region around Alcova. Field 
work was carried on at intervals from the summer of 1929 to 1933 
and the writer is still actively engaged in the investigation of these 
strata. 

22 Op. cit. 


3 C. C. Branson, “Paleontology and Stratigraphy of the Phosphoria Formation,” 
Univ. of Missouri Studies, Vol. 5, No. 2 (1930), pp. 5-6. 
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The study of the beds is made difficult by the fact that they can 
not be traced continuously, being concealed in many areas by Ter- 
tiary deposits. In addition, the red beds lie immediately above the 
resistant Tensleep sandstone which forms hogbacks. Consequently, 
the red beds, which are relatively nonresistant, are covered, in many 
places, by debris derived from the Tensleep. 
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SUMMARY OF CONCLUSLONS 


It is the purpose of this paper to show that limestone and sand- 
stone tongues extend east and south from the Phosphoria and the 
Dinwoody formations of the Wind River and the Owl Creek moun- 
tains and interfinger with the red shales in the base of Darton’s 
original Chugwater formation of central and southeastern Wyoming. 
The intercalated limestones, sandstones, and red shales constitute 
the red-bed ‘‘Embar”’ of central Wyoming. Eastward the red shales 
become thicker and more prominent and the Phosphoria and Din- 
woody tongues, thinner and less conspicuous. Each larger tongue is 
split into minor tongues by interfingering with tongues of differeat 
lithology. It is believed that Phosphoria and Dinwoody tongues may 
be traced and recognized over a much greater area than that discussed 
in this paper. 

The Phosphoria formation of the Wind River Mountains is the 
time equivalent of the lower portion of the red-bed “Embar’’ of 
central Wyoming. The Phosphoria is represented in the Laramie 
Basin by the Satanka shale, the Forelle limestone, and a portion of 
the basal Chugwater. The Dinwoody formation of the type locality 
is equivalent to the upper portion of the red-bed ‘““Embar” and to a 
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portion of the lower Chugwater at localities east and south of the 
Wind River and the Owl Creek mountains. 

The beds in the region covered by this paper show an interfinger- 
ing of the Phosphoria and the Dinwoody with the lower part of the 
Chugwater formation similar to the interfingering described by Condit 
for the region between the Owl Creek and the Bighorn mountains. 
Lee’s post-Dinwoody unconformity is believed not to be present in 
central and southeastern Wyoming, and his view that the red-bed 
“Embar” is younger than the Phosphoria and the Dinwoody forma- 
tions is apparently not a tenable one. In this area no evidence was 
found supporting Branson’s theory of local positive areas during 
Phosphoria and Dinwoody time, as central and southeastern Wyo- 
ming was entirely covered by sediments of Phosphoria and Dinwoody 
age. 


STRATIGRAPHIC NOMENCLATURE 


The interfingering of the Phosphoria and the Dinwoody with the 
Chugwater brings about troublesome problems in nomenclature. 
Limestones and sandstones extending eastward from the Wind River 
Mountains between red shales are treated as tongues of the Phos- 
phoria and the Dinwoody formations. If there should be a locality 
at which all Phosphoria and Dinwoody tongues have thinned out, 
although such a section is unknown, it would there be impossible to 
differentiate the Phosphoria, the Dinwoody, and the Chugwater por- 
tions of the red shale series, and the entire sequence would be desig- 
nated as Chugwater. Hence, all the red shales extending westward 
from central Wyoming into the Phosphoria and the Dinwoody forma- 
tions are treated as tongues of the Chugwater formation. 

In this paper, beds of Phosphoria age having the typical lithologic 
character of the Phosphoria formation, comprise the Phosphoria 
facies; those of Dinwoody age and lithologic character, the Dinwoody 
facies. The Chugwater facies is represented by red beds. The term 
intertongued phase is applied to sections in which the Phosphoria and 
the Dinwoody facies are intertongued with the Chugwater red-bed 
facies. 

Following this system of nomenclature the Chugwater becomes a 
lithologic unit embracing rocks of both Permian and Triassic age, and 
a unit with a different age for its basal beds in different localities. 
Nevertheless, as J. B. Reeside, Jr.,“ points out: 


It seems .. . absurd that in the case where we have no fossils and no 
usable lithologic differences, we should attempt a separation into hypothetical 


4 Personal communication. 
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units based on tracing an invisible line from another area where the line hap- 
pens to be real. That homogeneous lithologic units cover different intervals at 
different localities is a natural condition. It is simply a logical part of our 
nomenclatorial system that our names for such units have one scope at one 
place and another at a different place. 


The new names of units introduced are available as stratigraphic 
names, none being preoccupied. The following new stratigraphic units 
are defined and described within this paper: the Sybille tongue of the 
Phosphoria, the Ervay tongue of the Phosphoria, the Little Medicine 
tongue of the Dinwoody, and the Freezeout tongue of the Chugwater. 


PHOSPHORIA FORMATION 


General character—Because of the occurrence of phosphate rock 
in the Phosphoria formation, many studies have been made of its 
features of economic importance. In recent years attention has been 
given to some of the numerous stratigraphic, paleontologic, and litho- 
genetic problems presented, and bibliographies on the literature of 
the Phosphoria have been compiled. 

The Phosphoria in the Wind River Mountains rests unconformably 
upon the Tensleep sandstone of Pennsylvanian age. This relationship 
is indicated by the fact that the Phosphoria rests upon an irregular 
surface which truncates the cross-lamination of the Tensleep, and by 
the presence, in places, of material in the basal bed of the Phosphoria 
that has undoubtedly been derived from the Tensleep sandstone. 

There is great vertical lithologic variation in the formation. In 
the Wind River Mountains it ranges in thickness from. 200-300 feet 
and consists of alternating beds of shales, limestones of different sorts, 
and unusual rock types, such as bedded cherts and phosphate rock. 
Limestones predominate and are characteristically cherty. They 
vary from pure limestones to cherty limestones and pure bedded 
cherts. Certain strata contain numerous calcite geodes. The shales 
are argillaceous, siliceous, cherty or phosphatic, and are generally 
gray or olive-colored. In most places there are two zones of phosphate 
rock. In the Owl Creek Mountains the formation retains its typical 
lithologic character but is considerably thinner. 

The region between the southern end of the Wind River Mountains 
and the Green Mountains (Fig. 1) is a great area of Tertiarysediments. 
The Paleozoic rocks are covered nearly everywhere, but at Ice Slough 
Canyon the Phosphoria is partially exposed. The exposed portion is 


1% —D. D. Condit, E. H. Finch, and J. T. Pardee, “Phosphate Rock in the Three 
Forks-Yeliowstone Park Region, Montana,” U. S. Geol. Survey Bull. 695 (1928), 
pp. 151-66; C. C. Branson, op. cit. 
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lithologically similar to the Phosphoria of the Wind River Moun- 
tains, except for the absence of phosphate beds, and the formation 
apparently has about the same thickness. The mantle on the covered 
portion suggests that some red shale may be present. 

C. C. Branson" and Condit!’ have described in detail the lithologic 
character of the formation in the Wind River and the Owl Creek 
mountains. Mansfield"* has discussed the origins of the chert and phos- 
phate beds. 

Age.—The determination of the age of the Phosphoria is a paleon- 
tologic problem. At present the age remains in doubt. Girty’® has 
given a history of the interpretation of the age of the Phosphoria 
fauna of southeastern Idaho, which is believed by him to be con- 
temporaneous with a Permian fauna from Alaska which had been 
examined by Holtedahl, who gave an opinion that the Alaskan fauna 
was “‘Artinskian (basal Permian).”’ 

The fish fauna of the lower phosphate member of the Phosphoria 
of the Wind River Mountains was studied by E. B. Branson.?° He 
says, 

The abundance of cochliodont sharks, which have never been reported from 
strata younger than the Pennsylvanian, indicates an age older than the 
Permian. 

C. C. Branson studied the fauna of the entire Phosphoria of the 
Wind River Mountains,”' described new species, and arranged the 
biota into faunal zones. In regard to age he says: 

It seems .. . that the formation through the Lower Phosphate member 
is late Pennsylvanian in age, and that there is a gradation into beds of Permo- 
Carboniferous age somewhere between the Lower Phosphate and the Pustula 
member. There is no indication of a stratigraphic break in the lithology. The 
Pustula and Hustedia faunules are Permo-Carboniferous with Pennsylvanian 
holdovers, and the Aulosteges fauna is distinctly Permian. From the complete 
absence of ammonites, however, it must be concluded that the faunule belongs 
to the lowermost part of the Permian. Here, as in Kansas and Nebraska, is a 
gradation without a break from Pennsylvanian to Permian. 

16 Op. cit. 


17D. D. Condit, “Phosphate Deposits in the Wind River Mountains, near Lander, 
Wyoming,” U.S. Geol. Survey Bull. 764 (1924). 


18 G. R. Mansfield, “Geography, Geology and Mineral Resources of Part of South- 
eastern Idaho,”’ U. S. Geol. Survey Prof. Paper 152 (1927), pp. 361-71; “Some Prob- 
lems of the Rocky Mountain Phosphate Field,’’ Econ. Geol., Vol. 26, No. 4 (1931), 
PP- 353-74- 

19 G. H. Girty, in G. R. Mansfield, ““Geography, Geology and Mineral Resources 
of Part of Southeastern Idaho,” U.S. Geol. Survey Prof. Paper 152 (1927), pp. 78-81. 


20 E. B. Branson, “The Lower Embar of Wyoming and its Fauna,’’ Jour. Geol., 
Vol. XXIV, No. 7 (1916), pp. 639-65. 


21 Op. cit. 
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King, in his work on the Permian brachiopods,” later pointed out 
analogies between the fauna of the Phosphoria and that of the Middle 
Permian Word formation of Texas, and says, 


... Branson’s conclusion that the formation [Phosphoria ] lies on the bound- 
ary between the Pennsylvanian and Permian must be considered unlikely. 


Recently C. C. Branson* has described a fish fauna from the mid- 
dle Phosphoria which in itself throws no new light on the age of the 
formation. The fauna consists of 11 species, 6 of which occur in the 
lower Phosphoria, and the remaining 5 are new species. Because of 
the absence of cochliodont sharks and because of the occurrence of 
Punctospirifer pulchra* and Aulosteges hispidus, he considers the 
fauna to be Permian. 

A. K. Miller has recently found new species of ammonoids about 
60 feet below the Rex chert member of the Phosphoria in western 
Wyoming. Stacheoceras, Vidrioceras, Gastrioceras and Goniatites are 
represented by species which are closely related to known Middle 
Permian forms. These new species, he says, are almost certainly Mid- 
dle Permian in age.* 

In the light of present knowledge, then, it is necessary to consider 
the problem an open one. If the lower portion of the formation is 
Pennsylvanian and the upper portion Middle Permian, there must 
be an unconformity of considerable magnitude within the formation. 
Bartram™* has advanced evidence which he believes indicates the 
presence of such an unconformity. The writer believes that the evi- 
dence is inconclusive,?’ but admits the possibility of such a hiatus. 
If the entire formation proves to be Middle Permian, then early 
Permian time may be represented by the unconformity between 
the Phosphoria and the Pennsylvanian Tensleep and Casper forma- 
tions. 

2 R. E. King, “Geology of the Glass Mountains, Texas,” Pt. 2, Univ. Texas Bull. 
3042 (1930), Pp. 30-33. 

23 C. C. Branson, “Fish Fauna of the Middle Phosphoria Formation,” Jour. Geol., 


Vol. XLI, No. 2 (1933), pp. 174-83; “Permian Sharks of Wyoming and of East Green- 
land,” Science, N.S., Vol. 79, No. 2054 (1934), p. 431. 


% Spirifera pulchra Meek, 1860,=Spiriferina pulchra (Meek), 1860,=Puncto- 
spirifer pulchra (Meek), 1860. 


25 Personal communication. 

Since this paper was written these new species have been described. (A. K. Miller 
and L. M. Cline, “The Cephalopods of the Phosphoria Formation of Northwestern 
United States,” Jour. Paleontology, Vol. 8, No. 3 (1934), pp. 281-302. 


% J. C. Bartram, “Character of Producing Sandstones and Limestones of Wyoming 
and Montana,” Bull. Amer. Assoc. Petrol. Geol., Vol. 16, No. 9 (1932), pp. 870-73. 


27 Horace D. Thomas, Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 3 (1933), 
pp. 268-69. 
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TONGUES OF PHOSPHORIA FORMATION 


Sybille tongue of Phosphoria (new name).—The red Satanka shale 
around the Sybille anticline near Sybille, Springs (Fig. 1), in the 
Laramie Basin, contains a fossiliferous sandstone 21 feet thick, lying 
184 feet above the base of the Satanka. To this sandstone the name 
Sybille**® tongue of the Phosphoria formation, is here applied (Fig. 3). 
The upper portion is a massive, medium-grained, mottled, pink and 
buff sandstone containing a great quantity of cylindrical, gray chert 
nodules oriented in all directions and averaging about 3 inch in 
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Fic. 3.—Diagram illustrating general relations of stratigraphic units discussed in text- 
Geographic locations of sections are shown on index map (Fig. 1). 


diameter. It grades downward and becomes a thin-bedded limy sand- 
stone containing maroon chert laminae and small, angular, gray chert 
masses. When freshly broken, the rock of the lower portion shows a 
distinctive orange-buff color with pink mottlings, but it weathers 
tan. Calcite geodes up to 13 inches in diameter are abundant. Fossils 
are present but poorly preserved, and consist of gastropods and 
scaphopods, the latter represented by abundant elongate, tapering 
cones as much as 3 inches in length and 3/16 inch in diameter. Because 
of the poor preservation the surface markings are unknown, but, as 
the specimens are smooth, the writer provisionally refers them to the 
genus Plagioglypta. 

The tongue thins southward from Sybille Springs and seems absent 


38 Spelling accepted by the U. S. Geographical Board, 1931. Pronounced Sib-beel’. 
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in the southern part of the Laramie Basin. Toward the north and 
west it becomes more limy, and the lithology varies considerably. 
Plagioglypta? occurs at many places. The geodes, however, are ex- 
tremely persistent and have been noted in every locality. The writer 
has seen similar geodes (Fig. 4) in the lower part of the Phosphoria of 
the Wind River Mountains, along the Sweetwater River south of 
Beaver Creek and along Bull Lake Creek, and in the Owl Creek Moun- 
tains along the west fork of Sheep Creek, near Holland’s ranch. 


LOWER PHOSPHORIA SYBILLE TONGUE LOWER PHOSPHORIA 
SWEETWATER RIVER ALCOVA ICE SLOUGH 


SYBILLE TONGUE SYBILLE TONGUE 
DIFFICULTY SYBILLE SPRINGS 


Fic. 4.—Geodes from Phosphoria formation in and near Wind River 
Mountains and from Sybille tongue of Phosphoria. 


Condit®® and C. C. Bi nson** also noted them in the Phosphoria. 
Although similar geodes occur in the upper part of the Phosphoria in 
certain localities, the writer believes that those in the lower part are 
probably characteristic of a certain horizon, and that the Sybille 
tongue corresponds to the geode-bearing limestone near the base of 
the Phosphoria formation in the Wind River and the Owl Creek 
ranges. 


*9 D. D. Condit, “Phosphate Deposits in the Wind River Mountains, Near Lander, 
Wyoming,” U. S. Geol. Survey Bull. 764 (1924), p. 12. 


% Op. cit., p. 12. 
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Forelle limestone.—In the Laramie Basin the Forelle limestone 
has been taken from the base of the Chugwater and recognized as a 
distinct formation. It seems to be an extended tongue of the Phos- 
phoria, and consequently may be considered as the “‘Forelle limestone 
tongue of the Phosphoria” (Fig. 3). The Forelle loses its identity 
north and west of the Freezeout Hills and becomes a part of a thicker 
succession of limestones. Additional detailed stratigraphic work must 
be undertaken before it can be determined which beds represent the 
Forelle in that area. 

Ervay tongue of Phosphoria (new name).—The uppermost lime- 
stones of the Phosphoria extend eastward and southward from the 
Wind River and the Owl Creek mountains as a fairly widespread 
tongue. It is here proposed to designate this bed as the Ervay tongue 
of the Phosphoria formation. It crops out a few hundred feet west of 
Ervay, a postoffice in Natrona County, near the northern end of the 
Rattlesnake Hilis,** and also at such scattered localities as the Ferris 
Mountains, the Green Mountains, and Alcova (Fig. 1). The tongue 
is not as well exposed near Ervay as on the head of Casper Creek near 
Garfield Peak, about 15 miles south of Ervay, where it forms the dip- 
slope of a prominent hoghack. The type section is on Casper Creek. 
The details of the lithology of the tongue are given in Table I and 
the fossils present are listed following he table. The thickness of the 
tongue is fairly constant, but the lithology is quite different in various 
localities. The tongue includes the uppermost beds of Phosphoria 
age and is overlain by rocks of Dinwoody age. Consequently, at 
localities at which the Ervay tongue is present the top of the Phos- 
phoria may be ascertained, and the red shales below this tongue and 
above the Tensleep sandstone (Fig. 3) are tongues of the Chugwater 
included in the Phosphoria formation. The beds between the Ten- 
sleep sandstone and the top of the Ervay tongue may be referred to as 
Phosphoria, with included tongues of Chugwater. 


DINWGODY FORMATION 


General character.—The Dinwoody formation in the Wind River 
range consists of alternating shales and sandstones resting with appar- 
ent conformity on the uppermost limestone of the Phosphoria. There 
is a sharp lithologic change at the boundary between the two forma- 
tions. The shales of the Dinwoody are usually gray in color and alter- 
nate with dense, fine-grained calcareous sandstones, which weather 

*t The Rattlesnake Hills referred to in this paper are those in Natrona County, 


central Wyoming, and should not be confused with other localities in Wyoming known 
by the same name. 
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tan, brown, or black. Many of the beds contain abundant flakes of 
muscovite. Blackwelder® has pointed out that the formation becomes 
thicker and more calcareous westward from the Wind River Moun- 
tains. The thickness ranges from 254 feet at the type locality in Din- 
woody Canyon to 37 feet at Beaver Creek near the southeastern end 
of the Wind River range. At Beaver Creek the formation consists 
of a basal, gray clay shale 10 feet thick, which contains small limo- 
nitic concretions and numerous red streaks. This bed rests upon the 
top cherty limestone of the Phosphoria and grades upward into 7 
feet of gray limy and shaly, fine-grained sandstone. The uppermost 
20 feet of the formation is harder and forms a ledge of thinly bedded, 
fine-grained, finely laminated, highly calcareous gray sandstone con- 
taining small flakes of muscovite. The top 3 or 4 feet is most sandy, 
is highly ripple marked, and some of the bedding planes are covered 
with fucoidal markings. This bed is overlain by red Chugwater shale. 

The contact of the Dinwoody and the overlying Chugwater is, 
in some places, transitional. At the type locality of the Dinwcody, 
the upper gray shales grade upward into the red shales of the Chug- 
water. The two formations can be separated only by color; the buff 
color of the Dinwoody gives way to the red of the Chugwater along 
an irregular surface cutting across rocks lithologically identical. 
Mention has been made of Lee’s belief of an unconformity at this 
horizon, yet in speaking of this contact in the Wind River Mountains, 
he says, 


There is, however, a doubt in his [Lee’s] mind as to the exact line of sepa- 
ration between the Dinwoody and the overlying beds. 


Although the Dinwoody thins eastward and southward from the 
type locality, the writer believes that the thinning is not due to post- 
Dinwoody erosion, but to gradation into the red shales of the basal 
Chugwater, and that in the area considered in this paper there is no 
unconformity between the Dinwoody and the Chugwater (Fig. 3). 

Age.—The age of the Dinwoodyhas not been definitely established. 
When Blackwelder™ named the formation he correlated it with the 
Woodside shale of Idaho and Utah. The Woodside occupies a position 
between the top of the Phosphoria, which is surely Permian, and the 
base of the Thaynes, which is no older than middle Lower Triassic. 
In addition, the Woodside, in Utah, apparently rests unconformably 


2 Od. cit., p. 425. 
33 Willis T. Lee, op. cit., p. 76. 
4 Op. cit. 
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on the underlying Phosphoria.* Consequently, the Woodside seems 
to be early Lower Triassic in age, and is so considered by the United 
States Geological Survey. 

Except for the sharp change in lithology between the Phosphoria 
and the Dinwoody, there is no evidence of an unconformity between 
the formations in the area studied by the writer. If the Dinwoody is 
Triassic in age, there is no evidence that warping or erosion took place 
during the interval between the withdrawal of the Permian sea and 
the encroachment of the Triassic sea. Throughout the area studied, 
the Dinwoody rests on the uppermost limestone of the Phosphoria, 
except where the horizon of that limestone is represented by red 
shale. 

In speaking of the Woodside of the Wasatch Mountains of Utah, 
Mathews says:* 


A comparison of the stratigraphic sequence of the rock beds between the 
Phosphoria and the Pinecrest [Middle Triassic] . . . and the sequence of rocks 
of the same age between the Productus-limestone and the Ceratite beds of 
the Salt Range, India, shows a great difference in the thickness of the strata 
in the two areas. Waagen described the lowermost stratum containing Triassic 
cephalopods, the Otoceras bed, as only a short distance above the Productus- 
limestone (Carboniferous). And, according to Diener the entire Lower Trias- 
sic of the Kashmir Range, Asia, is less than 300 feet thick. It was found that 
the Otoceras bed was less than 60 feet below the Meekoceras fauna. Now, since 
the Meekoceras bed is above the top of the Woodside shales in the Fort Doug- 
las area, then the lowest Triassic rocks comparable to the Otoceras bed in 
India must be about 1,000 feet above the top of the Phosphoria formation. 

Thus it can be seen that the age of the Woodside formation is problema- 
tical. The series probably represents the post-Permian interval but is treated 
. .. as Lower Triassic. 


These facts may explain the anomalous nature of the Dinwoody 
and the Woodside faunas. Girty*’ has pointed out that the fauna of 
the Woodside is apparently of little value in age determination, but 
he considers the fauna to be Triassic. H. Glen Walters** has reported 
a Dinwoody fauna, which he believes is more closely related to the 
Permian faunas than to those of the Triassic, and lists the following 
species.*® 


38 Asa A. L. Mathews, “Mesozoic Stratigraphy of the Central Wasatch Moun- 
tains,”’ Oberlin College Lab. Bull., New Ser., No. 1(1931), p. 6. 


* Ibid., p. 6. 


37 G. H. Girty, in G. R. Mansfield, Sy ~¢- Geology and Mineral Resources 
of a Portion of Southeastern Idaho,” U.S. Geol. Survey Prof. Paper 152 (1927), pp. 
84-85. 


38 H. Glen Walters, ‘“The Dinwoody Formation of Western Wyoming,” (abst.) Bull. 
Geol. Soc. America, Vol. 42, No. 1 (1931), p. 329. 


%® Personal communication. 
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Lingula carbonaria Shumard 

Orbiculoidea utahensis (Meek) 

Myalina congeneris Walcott 

M yalina apachesi Marcou 

Myalina meliniformis Meek and Worthen 
Myalina perattenuata Meek and Worthen 
Myalina permiana Swallow 

Myalina subquadrata Shumard 

Myalina sp. 

Pleurophorus occidentalis Meek and Hayden 
Pleurophorus sp. 

Nucula sp. 

A‘lorisma sp. 

Eamondia? phosphatica Girty 

Bakewellia parva Meek and Hayden 
Schizodus wheeleri Swallow 

Placunopsis? sp. 

Aviculopecten occidentalis Shumard 
Aviculopecten curtocardinalis Hall and Whitfield 
Aviculopecten occidaneus Meek 
Aviculopecten paroulus Hall and Whitfield 
Aviculopecten 2 sp. 

Bellerophon sp. 


The stratigraphic relations of the Dinwoody to the overlying and 
underlying beds and the conflicting opinions as to whether the Din- 
woody and the Woodside faunas are Permian or Triassic leave the 
age of the Dinwoody in doubt. Since the Dinwoody is generally as- 
signed to the Triassic, the formation is here treated as though its 


Triassic age had been definitely established. 

Little Medicine tongue of Dinwoody (new name).—The Dinwoody 
formation thins southeastward along the Wind River Mountains 
from Dinwoody Canyon to Beaver Creek by replacing overlap of the 
red Chugwater shale (Fig 3), but a tongue of the formation extends 
eastward and southward from the Wind River range as a widespread 
bed of variegated limy sandstone, separated from the Ervay tongue 
of the Phosphoria by a tongue of red Chugwater shale. It is here 
proposed to call the variegated limy sandstone the Little Medicine 
tongue of the Dinwoody. The type section is exposed along the north 
bank of Little Medicine Bow River (locally known as the “Little 
Medicine”’) in the Flat Top anticline about eight miles north of the 
town of Medicine Bow, on the road from Medicine Bow to Casper. 
The tongue is also exposed in the Rattlesnake Hills, at Alcova, in 
the Freezeout Hills, in the Ferris and the Seminoe Mountains and at 
certain localities in the Laramie Basin. The most conspicuous feature 
of the Little Medicine tongue, throughout its distribution, is its 
variegated character. Its color varies from tan to gray, olive-green, 
dove, lavender, maroon and purple. In general, it is a platy, finely 
laminated, fine-grained, highly calcareous sandstone, but at some 
localities it is a bed of nearly pure limestone. Invariably the tongue 
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contains an abundance of small flakes of muscovite, and occasionally 
it is glauconitic. At many places the upper part is conspicuously ripple 
marked. The thickness is usually about 10 feet. 

The contact of the Little Medicine tongue with the subjacent red 
shale is gradational. At most places a 2-foot bed of impure gypsum, 
which seems to be an integral part of the tongue, rests on the varie- 
gated portion. The gypsum is usually red or purple and in most places 
grades up from the underlying variegated limy sandstone. The lith- 
ologic character of the Little Medicine tongue at different localities 
is described in Tables I-VII. At localities at which the Ervay tongue 
of the Phosphoria is present, the Little Medicine tongue and the 
tongue of red Chugwater shale below it may be called Dinwoody, 
with basal tongue of Chugwater (Fig. 3). It is not yet known which bed 
in the type section of the Dinwoody represents the Little Medicine 
tongue. 


TONGUES OF CHUGWATER FORMATION 


The original scope of the term, Chugwater, has been discussed. 
Between Phosphoria and Dinwoody tongues occur red beds, which, 
in certain regions, comprise distinct stratigraphic units. Thus, in 
the Laramie Basin, the red shale beneath the Forelle limestone was 
removed from the base of the Chugwater and considered as a distinct 
formation—the Satanka shale. The shale is essentially the ‘‘Satanka 
tongue of the Chugwater.” The identity of the Satanka shale is 
limited to the area in which the Forelle limestone can be recognized. 

Freezeout tongue of Chugwater (new name).—From the Laramie 
Basin to the Freezeout Hills, red shales occur between the Forelle 
limestone and the Little Medicine tongue of the Dinwoody. The 
name Freezeout tongue of the Chugwater is here applied to these red 
shales. The tongue contains rocks of both Phosphoria and Dinwoody 
age, but because of the absence of the Ervay tongue, the Phosphoria 
and the Dinwoody portions can not be separated. The Freezeout 
tongue contains a few beds of limestone, breccia, and gypsum. Some 
of these beds may be tongues of the Phosphoria, but most of them are 
probably local lenticular beds. Because of lithologic variation, the 
Freezeout tongue can best be defined as comprising the beds between 
the top of the Forelle limestone and the base of the Little Medicine 
tongue of the Dinwoody. Such a definition limits the Freezeout tongue 
to localities at which the Forelle can be definitely recognized. At 
present, the Forelle has not been identified with certainty, except in 
the Laramie Basin and northward into the Freezeout Hills. 

The name “Embar”’ is a nomen nudum which has been superseded 
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by the names Phosphoria and Dinwoody. The United States Geolog- 
ical Survey suggests that the use of the name be avoided. If used, the 
name should be preceded by a dagger to indicate that it is obsolete, 
thus fEmbar.*° The use of the name may be avoided byreferring to the 
entire succession of strata from the top of the Tensleep to the top of 
the Little Medicine tongue of the Dinwoody as the “‘intertongued phase 
of Phosphoria and Dinwoody age.” There is no intent here to make a 
formal name. This designation may seem awkward, but until more is 
known of the exact correlations of the various beds, and especially 
until the ages of the Phosphoria and the Dinwoody formations are 
established, it indicates best the true relationship of the beds to which 
the name ‘‘Embar”’ has been applied. 


STRATIGRAPHY OF INTERTONGUED FACIES 


The intertonguing of the Phosphoria and the Dinwoody with the 
Chugwater was studied in the area bounded by the Green Mountains 
(Fig. 1) on the west, the Rattlesnake Hills on the north, the Freeze- 
out Hills and the Laramie range on the east, and the Laramie Basin 
on the south. The intertongued phase, or ““Embar,”’ extends over a 
much larger area, however. 

The succession rests unconformably upon the Tensleep sandstone, 
or upon the Casper formation (Fig. 3), and is characterized by striking 
lithologic changes both vertically and laterally. The strata are mostly 
unfossiliferous, but many beds contain fragmentary remains which 
are rarely well enough preserved to be recognizable. The thickness of 
the succession ordinarily ranges from 350-400 feet. 

The intertongued phase is characterized by several distinctive 
types of rocks. Breccias are quite abundant and form thin beds, usually 
less than 5 feet thick, most of which are composed of red shale frag- 
ments in a gray lime matrix. Others consist of limestone fragments in 
a red shale matrix or of red sandstone fragments in a red sandstone 
matrix. The size of the fragments rarely exceeds 3 inches. The writer 
has gained the impression that the breccias do not indicate discon- 
formities as some have supposed.“ The disruption of previously 
deposited beds by storm waves might produce a rock of this sort. 
The limited areal extent of the breccias is indicated by exposures 
around the Flat Top anticline; on its south flank are seven breccia 
beds within the Freezeout tongue, whereas they are absent on the 
north flank, 6 miles away. 

40 Joint Committee on Stratigraphic Nomenclature, ‘Classification and Nomen- 
clature of Rock Units,” Bull. Geol. Soc. America, Vol. 44 (1933), P- 434- 

| Willis T. Lee, op. cit., p. 13. 
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Many of the limestones are of the “ribbon” variety. These are 
light-colored, extremely fine-grained, finely laminated limestones. 
They may be clastic lime muds or chemical precipitates deposited 
on a portion of the sea floor where there were no mud digesting or- 
ganisms and where there was not enough agitation of the water to 
destroy the perfect lamination. Commonly the ribbon limestones have 
undergone a change that produced “‘crinkly”’ limestones in which the 
lamination planes were warped into small domes and basins from 
several inches to several feet apart. The amplitude of the folds varies 
from a fraction of an inch to as much as 6 inches. On outcrops cut 
nearly at right angles to the bedding the laminae show as wavy 
lines. The origin of the crinkly structure has been briefly discussed 
by S. H. Knight,” who believes that the volume of the rock was in- 
creased by the addition of magnesium carbonate, for the higher the 
magnesium content, the greater is the amplitude of the crinkling. 

Many of the carbonate beds are dolomites or dolomitic limestones. 
Numerous writers have pointed out the difficulties of sight identi- 
fication of dolomites, and Suffel* has recently called attention to this 
in his work on the Permian dolomites of Oklahoma. Due to the fact 
that no microscopic or chemical examinations of the samples col- 
lected have been made, the term “limestone” is used here in a broad 
sense to include calcitic limestones, dolomitic limestones, and dolo- 
mites. 

The variability of the beds from place to place makes it impossible 
to generalize the lithology, and for that reason it is necessary to treat 
each area individually. 


LOCALITIES BETWEEN OWL CREEK MOUNTAINS AND FREEZEOUT HILLS 


Rattlesnake Hills —Few geologists have visited the Rattlesnake 
Hills (Fig. 1), and the little that has been published concerning the 
stratigraphy of the beds equivalent to the Phosphoria and the Din- 
woody in this area has been misleading. Speaking of the Rattlesnake 
Hills, Darton says, 


... the Tensleep sandstone is separated from the Chugwater red beds by 
buff shale and thin layers of pure limestone which probably represent the 
Embar formation. 


“S$ H. Knight, “Origin of the Crinkly Structure of the Forelle Limestone,” (abst.) 
Jour. Colo.-W yo. Acad. Sci., Vol. 1, No. 4 (1932), Pp. 32. 

4 G. G. Suffel, “Dolomites of Western Oklahoma,” Okla. Geol. Survey Bull. 49 
(1930), p. 11. 


“ N. H. Darton, “Paleozoic and Mesozoic of Central Wyoming,” Bull. Geol. Soc. 
America, Vol. 19 (1908), p. 418. 
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Fossils collected by C. J. Hares in the Rattlesnake Hills were 
identified by Girty as Phosphoria species.“ Information on their exact 
stratigraphic position, however, has not yet been published. 

The impression has been given that the Phosphoria is here litho- 
logically similar to the formation in the Wind River Mountains. 
However, the Phosphoria and the Dinwoody are represented by about 
350 feet of strata of which about 250 feet, about three-quarters, are 
red shales, which are included tongues of Chugwater. Condit“ men- 
tioned that in this locality red shales occur below limestones contain- 
ing typical Phosphoria fossils, but the significance of this fact seems 
to have been overlooked by later writers. Table I shows a section of 
the intertongued phase measured at the head of Casper Creek, just 
south of Garfield Peak (Figs. 1 and 5). 


TABLE I 


SECTION MEASURED ALONG CASPER CREEK, RATTLESNAKE 
Hitts, NATRONA COUNTY 


Column A: thickness of individual beds in feet 
Column B: feet from top of Tensleep sandstone to top of bed A B 


CHUGWATER: red shale, not measured 


DINWOODY, WITH BASAL TONGUE OF CHUGWATER 


Little Medicine tongue of Dinwoody 
Fine-grained, finely laminated, ripple-marked, calcareous 
sandstone; mostly light greenish gray in color but varies to 
maroon and purple; weathers into plates and grades into 
Thin-bedded, red shaly sandstone with fucoidal markings, 
similar to those in Dinwoody at Beaver Creek, grading 
downward into fine-grained, red clay shale............... 58 357 


PHOSPHORIA, WITH INCLUDED TONGUES OF CHUGWATER 
Ervay tongue of Phosphoria 

Fine-grained, pink to gray, sandy limestone which contains 
great amount of laminated blue and gray chert; caps 

Lavender, shaly limestone, which contains nodules and 
laminae of maroon and greenish gray chert and occasional 
calcite geodes; grades downward into massive, fine- 
grained, gray limestone with irregular maroon chert nod- 
ules. This bed contains great numbers of silicified fossils 


which are discussed below. ................20cceeeeee 8 295 
Extremely fine-grained, very hard, sublithographic lime- 
stone of porcellaneous appearance; no chert present.... 4 287 
Fine-grained, finely laminated, gray limestone......... — 271 


Willis T. Lee, op. cit., p. 54. 


“D. D. Condit, “Relations of the Embar and Chugwater Formations in Central 
Wyoming,” U.S. Geol. Survey Prof. Paper 98 (1916), p. 267. 
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TABLE I (Cont.) 


Column A : thickness of individual beds in feet 


Column B: feet from top of Tensleep sandstone to top of bed A B 
Laminated, gray chert... .. 0.5 266.5 
Red clay shale........... 13 266 
Maroon and greenish gray chert, ‘which grades downward into 

very fine-grained, finely laminated, gray limestone........ 12 253 
Laminated, bluish gray chert . 5 232 
Massive, gray limestone, which contains gray chert laminae. . 4 227 
Purple shale, which contains laminae of maroon chert....... 10 223 
Breccia composed of angular, gray limestone fragments in ma- 

— light gray 2 195.5 


Beds of fine-grained, finely laminated, slightly crinkly lime- 
stone, which alternate with four 6-inch beds of gray paper 


Ochre shale, 3 feet thick, which grades downward into dense, 

thin-bedded, finely laminated, grayish white limestone.... 8 140.5 


Sybille tongue of Phosphoria 
Dense, white limestone with numerous black specks of 
Purple, limy sandstone, which grades downward into 
purple and white sandstone containing numerous small 
cavities, occasional calcite geodes and Plagioglypta? sp... 7.5 67.5 
Covered portion; soil derived mainly from red shale......... 40 60 
Conglomerate composed of rounded cobbles up to 6 inches in 
diameter; mainly covered, and contact with the Tensleep 


TENSLEEP SANDSTONE: cross-laminated sandstone; not measured 


The conglomerate composed of cobbles of chert, sandstone, and 
quartzite at the base of the section is deserving of further study. 
Where seen it was not well exposed and its relations to the over- 
lying beds and to the underlying Tensleep could not be ascertained. 
However, it is a rock type foreign to the Tensleep and may be con- 
sidered as the basal conglomerate of the Phosphoria. A basal con- 
glomerate occurs farther south at Alcova. It differs from the con- 
glomerate at Casper Creek in that it is not a true conglomerate, but 
consists of sporadic blocks of Tensleep sandstone in a sandstone bed. 
At Ervay, about 1o miles northwest of the Casper Creek locality, 
there is no evidence of such a conglomerate, the basal member of the 
Phosphoria being a 60-foot bed of limestone. At present the relations 
of these basal beds to each other are not understood. 

The Sybille tongue, as usual, carries calcite geodes and Plagio- 
glypta? sp. The bed of breccia is similar to the breccias so common in 
the red-bed facies farther south. 
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Fic. 5.—Correlation chart of sections between northern end of Wind River Mountains 
and southern end of Laramie Basin. 


The following fossils were collected from the Ervay tongue at 
the head of Casper Creek and along Poison Spider Creek, south of 
Garfield Peak. 


Punctospirifer pulchra (Meek). . 

Punctospirifer aff. P. 

Composita cf. C. mexicana (Hall)............. 

Derbya aff. D. plicatella Waagen 
Myalina sp. (large)... .. 

Myalina aff. M. peraltenuata Meek and Hayden... 
Pleurophorus pricei Branson......... 

Pleurophorus (four species) . . 

Leda obesa 

Cyrtorostra? sp.. 

Aviculopecten Sp.. 

Deltopecten vanvleeti (Beede) . 

Parallelodon aff. P. tenuistriatus and W 

Schizodus cf. S. wheeleri (Swallow).. 
Schizodus? sp. (large). . 
Schizodus sp. (small). . 
Pinna peracuta Shumard. 
Euphemus subpapillosus (Ww hite).. 

Gastropod (high- spired form). . 

Coelogasteroceras thomasi Miller and Cline. . 

Denticles, probably from the spine of an elasmobranch. . . 


* In the faunal lists relative abundance of specimens is indicated as follows. a, abundant; c, common; 
S, scarce; r, rare. 
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This faunule, which serves as a basis for the correlation of the 
Ervay tongue with the top limestone of the Phosphoria, contains 
many species which are common in, or confined to, the upper lime- 
stone member of the Phosphoria of the Wind River Mountains. This 
limestone has been referred to by several geologists as the ‘Upper 
Bryozoan limestone,” and its fauna has been called the “Spiriferina 
pulchra fauna,” because of the abundance of bryozoans and of Puncto- 
spirifer pulchra. These fossils occur in the Ervay tongue in consider- 
able abundance. Pleurophorus pricei, Euphemus subpapillosus and 
Deltopecten vanvleeti areconfined to the top limestone of the Phosphoria 
in the Wind River Mountains. Many other species found in the Ervay 
tongue are confined to he upper portion of the Phosphoria. 

In different localities different species occur in varying degrees 
of abundance. On Casper Creek Derbya aff. D. plicatella occurs in 
extreme abundance, but on the north, at Ervay, and on the south 
along Poison Spider Creek, the species is quite rare. Punctospirifer 
aff. P. kentuckyensis is the most abundant species along Poison Spider 
Creek, is rare along Casper Creek, and is absent at Ervay. At Ervay, 
Myalina and Bellerophon are the most abundant fossils. Euphemus 
subpapillosus is relatively common at all three localities. 

The species of Derbya is comparable to Derbya plicatella Waagen 
in that both are characterized by radial plications. The Rattlesnake 
Hills specimens have the precise internal structure of Derbya, i.e., a 
rather high ventral septum and dental lamellae which are almost 
obsolescent, but differ from typical members of the genus in the pres- 
ence of rounded plications upon which are superimposed finer stria- 
tions. Similar plicated specimens of Derbya are found in the upper 
part of the Phosphoria formation in the Wind River Mountains. 

The productids are perhaps the most abundant brachiopods, both 
in number of species and in number of specimens, in the Phosphoria 
fauna of western Wyoming, but are represented in the top limestone 
by only one species, Aulosteges hispidus. No productids are present 
in the Ervay tongue faunule. The occurrence of Tentaculites is un- 
usual, for this genus apparently has not heretofore been reported in 
North America from rocks younger than the Devonian. 

Another section, which differs little from that on Casper Creek, 
was measured at Ervay. The total thickness of the Phosphoria and 
the Dinwoody with included tongues of Chugwater is 388 feet. The 
basal member, previously mentioned, is a fine-grained, thin-bedded, 
white, sandy limestone containing scattered calcite geodes. Near the 
top it becomes dense and brittle and contains a few layers of brown 
chert. The middle portion of the section consists mainly of red shale, 
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but is largely covered. The main dip slope is formed by a chert mem- 
ber, 25 feet stratigraphically below the Ervay tongue. The chert 
member consists of 57 feet of gray and lavender, cherty limestones 
and beds of pure chert. In the middle portion of the member were 
found Punctospirifer pulchra and Orbiculoidea cf. O. utahensis. The 
Ervay tongue is here much less fossiliferous than at Casper Creek. 
It was only after an extended search that the following fossils were 
collected. 


Derbya aff. D. plicatella Waagen....... 


Myalina sp. (large)........ 
Myyalina sp. (small)........ 
Pelecypod, indeterminable. . 
Euphemus (White).. 
Bellerophon sp.. 


Alcova.—In speaking of the region around Alcova, Lee*”? made the 
following statement. 


The writer . . . believes that such beds of Phosphoria and Dinwoody age 
as may have existed here were eroded away before the deposition of the 
red beds, and that the geologic time denoted by these formations is here 
represented by the unconformity that separates the Chugwater red beds 
from the underlying Casper formation. 


A section (Table II) measured by the writer northeast of Alcova 
Cut (Fig. 5) shows representatives of the Phosphoria and the Din- 
woody. 


TABLE II 
SECTION MEASURED NEAR ALCOvA, NATRONA COUNTY 


Column A: thickness of individual beds in feet 
Column B: feet from top of Tensleep sandstone to top of bed A B 


CHUGWATER: red shale, not measured. 


DINWOODY, WITH BASAL TONGUE OF CHUGWATER 
Little Medicine tongue of Dinwoody 
Finely laminated, thin-bedded, ripple-marked purplish to 
greenish gray, calcareous sandstone weathering brown in 


upper portion; grades downward into red shaly sandstone 14 447.8 
Fine-grained, thin-bedded, “eee red sandstone ees down- 
ward into red sandy shale. . 37-5 433-8 


PHOSPHORIA, WITH INCLUDED TONGUES OF CHUGWATER 
Ervay tongue of Phosphoria 
Extremely fine-grained, massive, conspicuously mottled gray 
and lavender limestone containing a few unrecognizable 


7 Ob. cit., p. 50. 
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TABLE II (Cont.) 


Column A : thickness of individual beds in feet 
Column B: feet from top of Tensleep sandstone to top of bed A B 


Alternating beds of red shale and gypsum................. 55 388.3 
Chert member; fine-grained, finely laminated dark gray lime- 
stones interbedded with brittle, siliceous black paper shale 


containing laminae and nodules of light blue chalcedony.... 5 333-3 
Interbedded gypsum and gray flaky shales................. 19.5 328.3 
Chert member; limy, dark gray paper shale with laminae of 


Limestone and gypsum occurring in different proportions in 
different localities; usually some breccias present, which are 


composed of angular clay fragments in gray lime matrix... 9 303.8 
Ten feet of purple sandstone grading downward into brick-red 
sandy shale containing numerous circular white spots. .... . go 294.8 


Finely laminated, gray limestones, some of crinkled variety and 
others partially replaced by gypsum, interbedded with thin 
gray shales; some brown chert present. In limestone near 
middle are found many poorly preserved specimens of follow- 
ing fossils: Myalina permiana Swallow, Pinna cf. P. peracuta 
Shumard, Pleurophorus sp., high-spired gastropods, several 


Flaky red shale with numerous small oval cream-colored spots 54.7 182.6 
Sybille tongue of Phosphoria 

Alternating gray sandstones and gray limestones, upper part 

of which contains abundant calcite or quartz geodes and 

poorly preserved specimens of Plagioglypta? sp......... 17.7 127.9 
Fine-grained, flaky, brick-red shale....................... 35 110.2 
Red shale with several thin, porous, gypsiferous limestones... 25 38.2 
Massive, medium-grained, tan sandstone with red streaks. In 

upper portion are sporadic angular blocks of Tensleep sand- 

stone as large as 3 feet. The bed abruptly truncates cross- 

lamination of underlying Tensleep...................... 13.2 13.2 

TENSLEEP SANDSTONE: not measured. 


The blocks of Tensleep sandstone in the upper part of the basal 
bed provide additional evidence of the unconformity which separates 
the Tensleep from the Phosphoria. It has been pointed out that with 
an advancing shore line, there may be deposited 

. . a thin layer of sediments derived from the residual soil, and these will be 
succeeded by coarser sediments . . . derived from erosion of bed rock.** 
It appears that the Phosphoria sea advanced over a surface composed 
of weathered Tensleep sandstone, and that wave erosion on bed rock 
dislocated the large, angular blocks of Tensleep which were incor- 
porated in the basal bed of the Phosphoria. 

The beds representing the Phosphoria at Alcova differ from those 
in the Rattlesnake Hills mainly in the smaller amount of chert, in the 
occurrence of thick gypsum beds near the base, and in the presence 
of more abundant breccias and gypsiferous limestones. 


48 W. H. Twenhofel, Treatise on Sedimentation (1932), p. 144. 


| 


PHOSPHORIA AND DINWOODY TONGUES 1679 


The writer believes, because of stratigraphic sequence and litho- 
logic similarity, that the 10-foot bed of mottled limestone represents 
the Ervay tongue of the Rattlesnake Hills, which in turn represents 
the top of the Phosphoria of the Wind River range. The bed here is 
apparently unfossiliferous, but this is of little significance, for in the 
Rattlesnake Hills the Ervay tongue is extremely fossiliferous in some 
localities, and in others, a few miles away, contains few fossils. 

The Little Medicine tongue and the subjacent, red, sandy shale, 
which represent the Dinwoody, are here lithologically typical and 
have their usual thickness. 

Freezeout Hills and Flat Top anticline-——The Freezeout Hills are 
located at the junction of a line of measured sections extending north- 
west from the southern end of the Laramie Basin to the Rattlesnake 
Hills (Fig. 1) and another line extending westward from the Freeze- 
out Hills to the southern end of the Wind River Mountains. Conse- 
quently, sections in the Freezeout Hills occupy a key position for 
correlation. Lee*® has said: 

There are no rocks in this region that can be confidently correlated with 
the Embar formation of the{Wind River Mountains and Owl Creek Mountains 
—that is, with the Phosphoria and Dinwoody formations. However, the beds 
which Condit regarded as the eastern representatives of the Embar, and 


which oil operators in Wyoming call Embar, are typically developed in the 
lower part of the ““Red Beds” near Difficulty. 


A section measured by the writer at the Ellis Ranch on Difficulty 
Creek is shown in Table III in considerable detail. 

A section measured at Flat Top anticline, about 12 miles south- 
east of Difficulty, differs only a little from the Difficulty section. In 
neither of these localities is the Ervay tongue present, and therefore 
it is impossible to separate the Phosphoria from the Dinwoody. Here, 
however, the Forelle limestone may be differentiated, and strata of 
both Phosphoria and Dinwoody age occurring above the Forelle and 
below the Little Medicine tongue are placed together to form the 
Freezeout tongue of the Chugwater formation. The beds below the 
Forelle represent the Satanka shale of the Laramie Basin. 

The basal bed of the section appears to consist of reworked sandy 
material derived from the Tensleep sandstone. The limy beds below 
the 70 feet of red shale in the upper part of the Satanka constitute 
the Sybille tongue. The gypsum beds below the tongue are known to 
be lenticular and probably do not represent Phosphoria tongues, al- 
though they are of that age. 

The Forelle may be traced almost continuously from here into the 


Ob. cit., p. 71. 
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TABLE III 


SECTION MEASURED NEAR DIFFICULTY Post OrFicE, FREEZEOUT 
Hitts, CARBON COUNTY 


Column A : thickness of individual beds in feet 
Column B: feet from top of Tensleep sandstone to top of bed 


CHUGWATER: red shale, not measured 


RED-BED FACIES OF THE PHOSPHORIA AND DINWOODY FORMATIONS 
Little Medicine tongue of Dinwoody 
Variegated sandy and shaly limestone, predominantly lav- 
ender in color but varying to purple, dove, olive and gray; 
not entirely exposed. In the Flat Top uplift is capped by 2 
feet of porous, gypsiferous limestone and breccia 
Freezeout tongue of Chugwater 
Covered portion, probably mostly red shale; in Flat Top up- 
lift this portion consists of red shales and thin breccias. 
Exact thickness not measurable 
Porous, impure, massive gray limestone 
Variegated, red and olive, gypsiferous shale 


Breccia; angular masses of gray limestone in red shale matrix 
Breccia; angular fragments of red shale and crinkled lime- 
stone in gray lime matrix 


Breccia; angular fragments of crinkled limestone and red 
shale in gray lime matrix grading downward into crinkly 
limestone 


Breccia; red shale fragments in lime matrix 
Fine-grained, finely laminated, slightly crinkled white lime- 


stone 
Red sandy shale with numerous circular gray spots 
Forelle limestone 
Cream-colored, porous, gypsiferous crinkly limestone 
Shale, upper 2 feet gray, lower foot red 
Finely laminated, dark gray, siliceous shale 
Gray, crinkly limestone containing dark gray and black chert 
Satanka shale 
Red sandy shale containing numerous gray spots. Very sandy 
in middle. Ten feet of leached, olive shale at base 
Sybille tongue of Phos phoria 
Sugary, coarse-grained limestone. Upper portion contains 
numerous gray, irregularly shaped chert nodules 
Gray shaly sandstone 
Gray sandstone containing numerous small calcite geodes. 
Gray sandstone grading downward into gray sandy shale. . 
Flaky red shale with numerous gray spots 
Gyp 
Red shale with thin gypsum beds 
Gypsum 
Olive sandy shale 
Finely laminated pink and white limestone 
Soft, saccharoidal sandstone and very fine-grained, sandy 
material. Strikingly different from subjacent Tensleep 


1680 
4 
10 327.2+ 
20+ $87.32 
2 297.2 | 
16.5 205.2 
3 278.7 
6 275.7 
4 269.7 i 
265.7 
2 263.7 i 
Breccia; red, sandy shale fragments in matrix of same char- 
258.5 
f 5° 257 
2 207 
3 205 
5 202 
+ 197 
7° 193 
8 123 
2.5 IIs 
2 112 
5 IIo 
30 105 
8 75 : 
21 67 
j 30 46 
12 16 i 
I.5 4 
TENSLEEP SANDSTONE: not measured. 
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Laramie Basin. It is not truly typical in the Difficulty section, but in 
the Flat Top anticline is lithologically identical with the Forelle at 
the type locality in the Laramie Basin. 

The Freezeout tongue consists of interbedded red shale, numerous 
breccias and crinkly limestone, and a little gypsum. Some of the lime- 
stone, gypsum and breccia beds are lenticular; possibly none repre- 
sent Phosphoria tongues, although one of them may be an edge of the 
Ervay tongue. The Little Medicine tongue is readily recognized in 
both localities. 


LOCALITIES BETWEEN SOUTHERN END OF WIND RIVER MOUNTAINS AND FREEZE- 
OUT HILLS 


A series of sections was measured in the region between the south- 
ern end of the Wind River Mountains and the Freezeout Hills. Men- 
tion has previously been made of the occurrence of typical Phosphoria 
at Ice Slough (p. 1661). 

Green Mountains.—The next exposed section eastward from Ice 
Slough is located in the Green Mountains. Here the beds are highly 
deformed and, where the section was measured, are upside down and 
dip 50°. Such deformation has undoubtedly affected the thicknesses 
of the less competent members, but the measurements obtained do 
not seem to be greatly different from those that might be expected 
(Table IV). 


TABLE IV 


SECTION MEASURED ON WEST Fork oF COTTONWOOD CREEK, GREEN MOUNTAINS, 
FREMONT COUNTY 


Column A : thickness of individual beds in feet 
Column B : feet from top of Tensleep sandstone to top of bed 


CHUGWATER: red shale, not measured. 


DINWOODY 


Thin-bedded, oil-saturated sandstone, which weathers brown. 
Upper part is ripple marked and contains fucoidal markings . 
Soft tan shale 


PHOSPHORIA, WITH INCLUDED TONGUES OF CHUGWATER 
Ervay tongue of Phosphoria 
Brown sandstone containing much chert and poorly pre- 
served fossils; Derbya aff. D. plicatella Waagen, Hustedia 
sp., Punctospirifer pulchra (Meek), Polypora? sp 
Tan sandy shale 
Gray, fossiliferous limestone with fragmentary unrecognizable 


Tan shaly sandstone 
Lavender shaly limestone 
Light gray siliceous shale 


: 13 205.7 
9 272.7 
6 263.7 
250.7 
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TABLE IV (Cont.) 


Tan cherty sandstone 
Brown chert in beds 2-6 inches thick 
Tan sandstone containing chert nodules 
Red sandstone. 
Pink shaly limestone with irregular, gray chert nodules . = 
Pure gray chert; weathers into angular fragments because of its 
brecciated condition 25 
Red sandy shale with ramifying, harder, red sandy aggregates. 127 
Sybille tongue of Phosphoria 
Hard, dense, siliceous, gray limestone with small, angular, 
gray chert masses 
Thick-bedded, lavender limestone with individual beds rang- 
ing from 9 inches to 20 inches in thickness, some slightly 
shaly, contains numerous calcite geodes; weathers brown. . 
Lavender and maroon shaly sandstone; not well exposed. 
Dense, lavender limestone 
Hard, dense, white limestone with a few calcite geodes. : 
Red sandy shale with ramifying aggregates of redsandstone... 3 
Very dense, very hard, siliceous, gray limestone with occasional 
lamina or nodule of gray chert 
Red shale with unconsolidated, fine sand resting directly on 
Tensleep sandstone and truncating its cross-lamination. . 
TENSLEEP SANDSTONE: not measured. 


The Sybille tongue carries the usual geodes, but no fossils were 
found in the bed at this locality. The upper part of the Phosphoria is 
very cherty and is similar to the upper part of the formation in the 
Rattlesnake Hills. The uppermost 9-foot bed of sandstone is probably 
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Fic. 6.—Correlation chart of sections between southern end of Wind River Mountains 
and northern end of Laramie Basin. 
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the Ervay tongue, for it occupies the correct stratigraphic position 
and carries a similar fauna. 

The chert beds here are all highly brecciated and consist of angular 
fragments of chert in a siliceous matrix. The brecciation is undoubt- 
edly the result of proximity to a large thrust fault along which these 
beds have been overturned. G. R. Mansfield has examined a specimen 
of the chert and believes that the brecciation is similar to that pro- 
duced in the Rex chert member of the Phosphoria formation along 
the Bannock overthrust in Idaho.*° This sort of breccia should not be 
confused with the calcareous breccias so prevalent in the red beds, for 
the two have distinctly different origins. 

The upper sandy portion of the Dinwoody is similar in lithology 
to the Dinwoody along the southern end of the Wind River range, 
but the lower shaly portion contains red beds in its base. East of the 
Green Mountains the upper sandstone forms the Little Medicine 
tongue of the Dinwoody. The subjacent shales grade into the red 
sandy shale between the Little Medicine tongue and the Ervay 
tongue of the Phosphoria. 

Numerous changes take place in the intertongued phase of the 
Phosphoria between the Green Mountains and Whiskey Gap. The 
intervening area is covered with Tertiary beds, however, and no inter- 
mediate sections can be measured. 

Whiskey Gap.—The strata that have been called ‘“Embar’”’ by oil 
geologists are conspicuously exposed in the vicinity of Whiskey Gap. 
The beds here stand vertically, or are overturned, and because the 
resistant Tensleep sandstone forms a high ridge, the softer Phosphoria 
and Dinwoody representatives are partly covered with detritus. How- 
ever, a nearly complete section can be compiled between Whiskey Gap 
and Muddy Gap, several miles farther west. Because of the rapid 
alternation of beds lithologically different it is impracticable to re- 
produce the section here in all its detail (Table V). 

The section bears a strong resemblance to the section at Ervay 
in the Rattlesnake Hills in the abundance of chert in the upper por- 
tion and in the presence of a thick basal limestone. 

It is believed that the irregular surface below the breccia near the 
top of the Phosphoria does net represent an unconformity. Although 
the bed contains fragments of the underlying beds in its base, these 
fragments have not been moved far (Fig. 7), and the feature can per- 
haps be attributed to contemporaneous erosion brought about by 
shifting marine currents. A considerable break may be indicated, how- 


50 Personal communication. 
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TABLE V 
SECTION MEASURED BETWEEN WHISKEY GAP AND Muppy Gap, CARBON COUNTY 
Column A : thickness of individual beds in feet 
Column B : feet from top of Tensleep sandstone to top of bed A B 
CHUGWATER: red shale, not measured. 
DINWOODY, WITH BASAL TONGUE OF CHUGWATER 
Little Medicine tongue of Dinwoody 
Finely laminated red limestones and redshales............ 8 426 
6-6 ca 5 388 
PHOSPHORIA, WITH INCLUDED TONGUES OF CHUGWATER 
Ervay tongue of Phosphoria 
Gray limestones, cherty in upper portion................. 14 383 
Breccia composed of angular fragments of chert, limestone and 
sandstone; rests on irregular surface and contains fragments 
of underlying bed in its basal part (Fig. 7)................ 3 363 
Thick-bedded gray sandstone; contains much chert.......... 25 360 
Gray limestone with nodules and laminae of gray and redchert. 7 321 
Breccia composed of angular fragments of chert and lavender 
ribbon limestone in gray lime matrix................. 3 308 
Dense, light gray limestone with abundance of chert occurring 
as nodules and laminae; upper part sandy................ 28 305 
Finely laminated, fine- grained, lavender sandy limestone con- 
Sybille tongue of Phosphoria 
Purple shaly sandstone seamed with occasional chalcedony : 
veins along bedding. Contains poorly preserved specimens ' 
of Euphemus carbonarius (Cox), Bucanopsis cf. B. meeki- 
ana (Swallow) Bellerophon? sp., Nucula? sp., and numer- 
ous fragments of unrecognizable 10 148 
White limestone with small black specks of dendrite........ 2 138 
Red shales, thin sandstones, and thin limestones............. 52 136 
Thick-bedded gray limestone; portions seem to be made up of 
macerated fragments of fossils and other portions are com- 
posed of algae (?); small amount of laminated chert near 
TENSLEEP SANDSTONE: not measured i 


ever, but until further knowledge is available it is impossible to judge 
the time value of this erosion surface. 
The upper 14-foot bed of cherty limestone probably represents the 
Ervay tongue of the Phosphoria. Although it is unfossiliferous, it lies 
in the same stratigraphic position as the Ervay tongue in the Rattle- 
snake Hills, i.e., below the basal red shale of the Dinwoody and above i 
the main chert member of the Phosphoria. The Little Medicine 
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tongue of the Dinwoody is present, as in all other sections, but is 
completely red in color. 

Black Canyon.—The section on the east side of Black Canyon, 
where the North Platte River cuts through the Seminoe Mountains, 
is not well exposed, and consequently a detailed section could not be 
measured. From Whiskey Gap eastward toward Black Canyon the 
most outstanding change in the Phosphoria is the disappearance of 
the thick chert beds and the cherty limestones. A bed of lavender 
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Fic. 7.—Sketch of erosion surface within beds of Phosphoria age 
at Whiskey Gap. 


limestone 20 feet thick near the top of the Black Canyon section 
probably does not represent the Ervay tongue, although it occupies 
the same stratigraphic position. It is lithologically more like the 
lavender limestones below the Ervay tongue at Whiskey Gap and at 
Ervay. Furthermore, its thickness seems too great, for here the Ervay 
tongue should be thinner than it is at localities on the west and north 
of Black Canyon. It is believed that the Ervay tongue thins out be- 
tween Whiskey Gap and Black Canyon and between Alcova and 
Black Canyon, and that the lavender limestone at Black Canyon rep- 
resents beds below the Ervay tongue at Whiskey Gap. If this be true, 
the basal portion of the red shale above the lavender limestone and 
below the Little Medicine tongue is of Phosphoria age. Beds represent- 
ing the Forelle limestone have not been recognized at Black Canyon, 
but eastward toward the Freezeout Hills, beds lithologically typical of 
the Forelle appear. The Little Medicine tongue of the Dinwoody is 
readily recognizable at Black Canyon and continues eastward into the 
Freezeout Hills with almost no change in lithology or in thickness. 
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LOCALITIES IN LARAMIE BASIN 


The Satanka shale, the Forelle limestone, the Freezeout tongue of 
the Chugwater, and the Little Medicine tongue of the Dinwoody are 
probably everywhere present in the Laramie Basin, but there is no 
place between the Flat Top anticline and Red Mountain where all 
are exposed in the same section. The soft shales of the Satanka and 
the Chugwater are poorly exposed along the west flank of the Laramie 
Mountains, and it is impossible to measure detailed sections of the 
Satanka or to find the Little Medicine tongue. The Forelle is fairly 
well exposed in most places. Therefore, in the Laramie Rasin, it is 
most convenient to apply the name, Chugwater, to all the red beds 
between the Forelle and the Jelm formation (Upper Triassic). The 
name, thus applied, includes the Freezeout and the Little Medicine 
tongues (Figs. 5 and 6). 

Along the west flank of the Laramie Mountains the Casper forma- 
tion consists of a cyclical sequence of cross-laminated sandstones 
grading upward into fossiliferous limestones. Each limestone was sub- 
jected to erosion before the deposition of each overlying sandstone." 
It is not possible at present to locate the pre-Satanka erosion surface 
because of confusion with the intra-Casper erosion surfaces. For this 
reason some beds now included in the Casper may properly belong in 
the Satanka. The writer has placed the base of the Satanka at the 
horizon above which red shales predominate and above which no 
festoon™ cross-laminated sandstones are found. 

In the Centennial Vailey, along the east side of the Medicine Bow 
Mountains, the Casper contains festoon cross-laminated sandstones 
similar to the Tensleep sandstones. The contact of the red shale of the 
Satanka and the upper cream-colored sandstone of the Casper is an 
undulating surface with 5 or 6 feet of relief. The exact relation of the 
Casper to the Tensleep is, however, still an open problem. The writer 
believes that the unconformity between the Casper and the Satanka 
is the same as the one separating the Tensleep from the intertongued 
phase of the Phosphoria in central Wyoming and the Tensleep from 
the Phosphoria farther west. 

The Satanka consists almost wholly of red shale, but a few thin 
beds of other sorts are intercalated throughout. Gypsum is present 
near the base of the formation, especially in the southern part of the 
Laramie Basin. The thickness of the Satanka varies considerably, but 
averages about 250 feet. The Forelle is almost everywhere divisible 

51S. H. Knight, “The Fountain and Casper Formations of the Laramie Basin,’ 
Univ. of Wyoming Pub. in Science, Geology, Vol. 1, No. 1 (1929), p. 53. 
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into (1) a basal gray limestone, which is usually crinkly and is dolomi- 
tic or gypsiferous at various localities; (2) a middle lavender, platy 
limestone, generally fine-grained, and finely laminated, and (3) an 
upper gray limestone, usually crinkly and dolomitic or gypsiferous. 
The Forelle has been reported to be fossiliferous by Darton and 
Siebenthal,® but the writer has not found fossils that are identifiable. 
Fragments of fossils abound, but complete specimens have been 
obliterated by changes which produced the crinkly structure, by 
dolomitization, or by gypsum replacement. The average thickness of 
the Forelle is about 18 feet. 

The ages of the Satanka and the Forelle have never been definitely 
determined. W. C. Knight* believed that the beds which now com- 
prise the Satanka and the Forelle were of Permian age. Darton and 
Siebenthal,®*® however, treated the formations as Pennsylvanian. Lee® 
made no definite statements regarding the age of the Satanka and the 
Forelle, but in his graphic sections placed the Phosphoria, the Satanka 
and the Forelle in the Permian. He classed the Dinwoody as Triassic 
and said he believed it ‘‘to thin out toward the east and lie uncon- 
formably beneath Satanka shale.”’ He thus placed the Triassic rocks 
below the Permian rocks, yet he correlated the Satanka and the 
Forelle with the “Embar,”’ which he placed above the Dinwoody. It is 
difficult to decide whether Lee considered the Satanka and the Forelle 
as Permian or Triassic. 

The formations, however, were undoubtedly deposited during 
Phosphoria time, and the determination of their age necessarily rests 
upon the determination of the correct age of the Phosphoria. If the 
Phosphoria is considered wholly Middle Permian, the age of the 
Satanka and the Forelle must also be Middle Permian. The fauna of 
the Satanka is of little value for age determination. 

In order to demonstrate that all the beds present in the ‘“Embar” 
of central Wyoming are represented in the Laramie Basin by the Sa- 
tanka, the Forelle, and the lower part of the Chugwater, the few lo- 
calities in the Laramie Basin where the rocks are well exposed are dis- 
cussed below. 

Como Bluff.—North of Como Bluff, along Rock Creek, the Little 
Medicine tongue and a portion of the subjacent Freezeout tongue are 
exposed. The Little Medicine tongue has the same lithologic character 


53 Op. cit. 


51 W. C. Knight, “The Laramie Plains Red Beds and Their Age,” Jour. Geol., 
Vol. 10, No. 4 (1902). 


55 Op. cit. 
% Op. cit. 
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and thickness as in the Flat Top anticline. The red shales of the ex- 
posed portion of the Freezeout tongue contain several beds of gypsum. 

Boswell Springs —In the vicinity of Boswell Springs the Satanka 
and the Forelle are present, although the Satanka is completely 
covered. A short distance farther southeast the Little Medicine tongue 
is exposed above the red shales and gypsum of the Freezeout tongue, 
but it is impossible to measure the stratigraphic interval between the 
Little Medicine tongue and the Forelle. 

Sybille Springs anticline —The Satanka is poorly exposed, but a 
nearly complete section can be compiled. The Forelle is exposed in 
several places, but all the beds above it are covered. The formations 
are shown in Table VI. 


TABLE VI 
SECTION MEASURED AT SYBILLE SPRINGS ANTICLINE, ALBANY COUNTY 


Column A : thickness of individual beds in feet 


Column B : feet from top of Tensleep sandstone to top of bed A B 
CHUGWATER (including Little Medicine and Freezeout tongues): covered. 
FORELLE 
SATANKA 


Sybille tongue of Phosphoria 
Buff limy sandstone mottled with pink and containing calcite 


Red shale, with a few thin beds of buff sandstone, gray porous 
limestone, and pink and gray ribbun limestone............ 184 184 


CASPER: not measured. 


The lithologic character of the Sybille tongue has been discussed in 
its definition (p. 1664). Its fauna consists of the following incompletely 
silicified specimens. 


Fragments of other species exist, and further collecting will undoubt- 
edly add to this fauna. 
The Forelle is typical in lithologic character. The exposures of the 
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Satanka and the Forelle from this point southward are poor, and the 
next available complete section is on the southern edge of the Laramie 
Basin, at Red Mountain. 

Forelle Siding —The Forelle is poorly exposed at its type locality 
south of Laramie. The lower limestone is made up principally of small 
fragments of fossils. Overlying it is a platy, purple limestone, above 
which is a porous gypsiferous limestone. It is impossible to discover 
whether this is the top of the Forelle. 

Satanka Siding.—At the type section of the Satanka the exposures 
are such that one can determine only that the formation consists pre- 
dominantly of red shale. 

Red Mountain.—Misstatements as to the stratigraphy of the 
Satanka, the Forelle, and the lower part of the Chugwater at Red 
Mountain have become almost hoplessly entangled in the geologic 
literature. A fossiliferous limestone, which in places is a breccia, was 
mistaken by Darton and Siebenthal*’ for the Forelle. Since the lime- 
stone occurs only three feet above the top of the Casper, they assumed 
that the Satanka was absent at Red Mountain. Lee had noted a con- 
spicuous breccia which occurs above the Forelle at various localities 
and, because of the similarity between this breccia and the one in the 
base of the Satanka at Red Mountai ae decided that the two were 
the same, and says:** 

If the fossiliferous breccia at Red Mountain proves to be the equivalent 
of the similar limestone breccia of neighboring localities, the unconformity 
beneath it must represent Forelle, Satanka and Phosphoria time... No 


purple shale that can be called Satanka was found, nor any limestone which 
the writer would call Forelle. 


It has been pointed out that a number of different beds of breccia 
occur in different localities and that these beds do not represent a 
single horizon. The section at Red Mountain is interpreted by the 
writer as shown in Table VII. 

The red shale of the Satanka is typical in lithologic character, but 
the gypsum in the base is absent at the type locality. Gypsum, how- 
ever, is common in the basal portion of the intertongued phase of the 
Phosphoria at localities north of the Laramie Basin. The Sybille 
tongue is not present at Red Mountain. 

The basal fossiliferous limestone of the Satanka is a variable bed. 
In some places it is a breccia and in others it has been replaced to 
various degrees by gypsum. Changes taking place within a few tens 
of feet considerably alter the lithologic sequence of the basal beds. A 

Op. cit. 

58 Willis T. Lee, op. cit., p. 60. 
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TABLE VII 
SECTION MEASURED ON NORTHWEST FACE OF RED MOUNTAIN 


Column A : thickness of individual beds in feet 
Column B: feet from top of Tensleep sandstone to top of bed A 


CHUGWATER 


Red shale and sandstone, not measured 
Little Medicine tongue of Dinwoody 
Purple, finely laminated gypsum, grading downward into 
sub-jacent bed 
Very fine-grained, limy sandstone, mostly red, but with 
greenish laminae; finely laminated a sypsiferous 
patches present; grades i into subjacent bed... .. 
Freezeout tongue of C. 
Red shale 


Gypsum grading downward into 6 inches of porous gray 
limestone 
Red shale 


FORELLE LIMESTONE 
Finely laminated, crinkly gypsum... .... 
Finely laminated, dense, purple limestone 
Dense, crinkly, gray limestone with a few angular chert masses 
of small size. Caps mesa known as Gypsum Butte 


RA A 


SATANKA SHALE 


Red sandy shale 

Gypsum with a few thin beds of red shale, one of which contains 
numerous masses of aragonite which are pseudomorphs after 
hanksite* 

Pinkish shaly limestone, mostly unfossiliferous but with 2-foot 
bed of fossil coquina in center; brecciated in places. . : 

Olive-colored flaky shale 


CASPER FORMATION: not measured. 


* N.H. Darton and C. E. Siebenthal, U.S. Geol Survey Bull. 364, p. 24. 


fauna collected by W. C. Knight and identified by G. H. Girty has 
erroneously been reported as occurring in the Forelle. The following 
species have been collected by the writer; those previously listed by 
Darton and Siebenthal*® as from the Forelle are marked by asterisks. 


Allorisma capax Newberry 
*Deltopecten cf. D. coreyanus (White) 

*Deltopecten manzanicus 

*Myalina perattenuata Meek and Hayden. . 

Myyalina cf. M. aviculoides Meek and Hayden. 

Myalina cf. M. permiana Swallow... 

*Plagioglypta canna (White) 

*Pleurophorus aff. P. tafi Girty 


89 N. H. Darton and C. E. Siebenthal, op. cit.; Willis T. Lee, op. cit.; C. C. Branson, 
Univ. Missouri Studies, Vol. 5, No. 2 (1930). 
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Bellerophon crassus Meek and Worthen.....................00+: c 
Coelogasteroceras ci. C. mexicanum r 


In addition, Darton and Siebenthal listed “Allorisma terminale, 
Solenomya sp. and Orthonema? sp.”’ which the writer has not identified. 

This fauna has been cited by C. C. Branson™ as bearing affinities 
to the fauna of the top limestone of the Phosphoria of the Wind River 
Mountains. The fossils, however, occur far below the Forelle, and the 
fauna can not be contemporaneous with that of the top limestone of 
the Phosphoria. 


PALEOGEOGRAPHY AND LITHOGENESIS 


The best discussion of the paleogeography of Phosphoria time has 
been given by Mansfield.“ He points out, however, that large gaps 
exist in the knowledge regarding the facts on which such a discussion 
is based. Much more detailed information is necessary before a true 
reconstruction can be formulated of the conditions under which the 
rocks of Phosphoria time and of Dinwoody time were deposited. Of 
prime importance is the establishment of the definite ages of the for- 
mations. With this in mind, the writer ventures to add to the existing 
knowledge the information gained through the study of the relatively 
small area embraced by this paper. 


PHOSPHORIA TIME 


Paleogeography.—The area covered by the Phosphoria sea on 
Mansfield’s paleogeographic map® must be extended eastward. Dur- 
ing portions of Phosphoria time the sea entirely covered central and 
southeastern Wyoming. At present it is not known how much farther 
eastward the sea extended. 

The locations of positive areas which supplied land-derived ma- 
terial during Phosphoria time are not definitely known. Their char- 
acter, however, was apparently quite different from that of the land 
masses which supplied material for the Pennsylvanian sediments of 
central and southeastern Wyoming, for the Permian land masses did 
not furnish such coarse clastic material as those of the Pennsylvanian. 

A land mass in north-central Colorado, which undoubtedly furn- 
ished sediments during Pennsylvanian time, was overlapped and 
buried by sediments of Phosphoria age. In North Park, Colorado 


69 Op. cit., p. 21. 


$1 G. R. Mansfield, “Geography, Geology and Mineral Resources of Part of South- 
eastern Idaho,” U.S. Geol. Survey Prof. Paper 152 (1927), pp. 184-88. 


® Thid., Fig. 22, p. 185. 
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(Fig. 1), the pre-Cambrian granite is overlain by about roo feet of 
alternating red shales and limestones probably of Phosphoria age. 
Limestones comprise 35 feet of the total thickness.™ The small per- 
centage of land-derived material in this section compared with sec- 
tions in central Wyoming, and the comparative thinness, suggest that 
the terrigenous material present in central Wyoming did not come 
directly from the south. It may be said, however, that insufficient 
evidence is at hand to indicate the importance of Colorado land 
masses in contributing to the Phosphoria sediments. 

The increase in the amount of clastic material in the sediments of 
Phosphoria age from west to east across Wyoming seems to indicate 
that some of the material came from east of Wyoming. Regarding the 
distribution of the Permian seas, P. B. King™ says: 

During Permian time an embayment from the Gulf of Mexico extended inland 
through Mexico into western Texas, where it divided into two branches, one of which 


reached northeast into the mid-continent region beyond Nebraska and the other pene- 
trated the Cordilleran region of New Mexico, Arizona and Utah. 


Inasmuch as the Phosphoria sea was a part of the Cordillerar. 
invasion, the region lying east of Wyoming, between these two embay- 
ments, seems to be a logical source of supply for some of the terrigen- 
ous material of the sediments of Phosphoria age in southeastern Wyo- 
ming, although the source does not seem adequate. Possibly, some of 


the material was distributed northward from the east side of the 
Paleo-Rockies in central Colorado. 

Sedimentary environments.—If residual red soils were being pro- 
duced by weathering of rocks in the positive areas, it is possible that 
such soil would be transported and deposited along the margin of the 
Phosphoria sea as red material. Certain facts lead the writer to be- 
lieve that most of the red shale tongues were deposited in a specialized 
marine environment. Individual beds of red shale show slight varia- 
tion in thickness or in texture over wide areas. Mud cracks or rain- 
drop impressions have never been noted in the red shales. These red 
beds lack the lithologic features characteristic of the Fountain forma- 
tion (Pennsylvanian) and the Jelm formation (Upper Triassic). Both 
are red beds of unquestionable continental origin, characterized by 
lenticularity of beds, rapid changes in texture within short distances, 
channeling and cross-lamination. Poorly preserved marine fossils have 
been found in a thin limy red bed in the Satanka in the Laramie 
Basin, and over most of the region thin beds of red shale are inter- 


* S. H. Knight, personal communication. 


* P. B. King, ‘The Geology of the Glass Mountains,” Pt. 1, Univ. Texas Bull. 
3038 (1930), p. 89. 
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bedded with limestones or sandstones of undoubted marine origin. 
Mansfield® has shown that the beds of chert within the Phosphoria 
are chemically precipitated marine deposits. Just below the Ervay 
tongue in the Rattlesnake Hills are thin beds of laminated chert 
intercalated with beds of red shale. This suggests that the conditions 
under which the chert was deposited were not markedly different from 
the conditions under which the red shale was deposited. The thick 
gypsum beds in the red shales indicate some relationship to a marine 
environment. The absence of fossils in the red beds has no bearing on 
their origin; both continental and marine beds are frequently found to 
be unfossiliferous. However, if the unfossiliferous nature of the red 
beds of Phosphoria age be interpreted as the result of the absence of 
organisms in a specialized marine environment, the red material could 
have been deposited without the reduction of its ferric iron and with 
the retention of its original color. 

Western Wyoming, then, was occupied during Phosphoria time 
by a sea in which the typical facies of the formation was deposited. At 
the same time, a marginal portion of the sea covered southeastern 
Wyoming. Here were deposited red sediments which intertongued 
with the typical facies of the Phosphoria. It is not known whether 
this relationship was brought about by oscillatory movements of the 
sea or whether it was the result of intermittent cessation of uplift in 
the land masses which supplied the red clastic material. Both would 
allow the clear water zone favorable to the deposition of limestone to 
move eastward. It seems best, however, to think of the red beds as a 
marginal deposit built out westward in an oscillatory sea. During the 
time of deposition of any limestone tongue, the sea would be most 
widespread and the red-bed marginal facies would migrate eastward. 
With regression of the sea the red-bed facies would move back toward 
the west. The transgressions were rapid and probably of short dura- 
tion, for some of the limestone tongues, although thin, cover hun- 
dreds of square miles. That the rate of sedimentation was not mark- 
edly slower during times of limestone deposition is indicated by the 
fact that the thickness of the typical facies of the Phosphoria is not 
much less than the thickness of the formation where it is split by 
tongues of red shale. The lack of terrigenous material in the limestone 
tongues indicates, however, that any particular locality was separated 
from the source of supply of the red sediments by a greater extent of 
water during limestone deposition than during red shale deposition. 
It is believed that the clastic material of the Sybille tongue had a 
different source from that of the red shales. This may be accounted 


% Op. cit., pp. 367-72. 
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for by the fact that the Phosphoria sea, as shown by Mansfield, was a 
more or less enclosed body of water. 

The limestones in the red-bed facies are diverse in origin. Many of 
them are due to the accumulation of calcareous organic material. Only 
a few of these beds yield recognizable fossils because of the broken 
condition of the shells. The extremely fine-grained, finely laminated 
limestones may be the result of deposition of chemically precipitated 
lime. It is apparent that they were deposited in water which was not 
agitated enough to obliterate fine lamination. The sedimentary en- 
vironment in which these limestones were deposited is in contrast 
with that of the breccia beds, whose origin has been attributed to con- 
temporaneous erosion in highly agitated water. 

The mode of origin of the gypsum beds is not well understood. It is 
believed that many of the thinner ones are replaced limestones; most 
of the thicker ones are undoubtedly chemical precipitates. 

In interpreting the origin of the chert in the Phosphoria formation, 
Mansfield was influenced by Lee’s belief that the Phosphoria was 
older than the red-bed “‘Embar” and that the two were separated by 
an unconformity. Hence, Mansfield believed that a low peneplane 
cut on the Tensleep sandstone formed the land surface east of the 
Phosphoria sea,*’ which he thought was confined to western Wyo- 
ming. He pointed out that such conditions have been postulated by 
W. A. Tarr as being conducive to the deposition of chemically pre- 
cipitated chert beds, and he used Tarr’s theory in explaining the 
origin of the Phosphoria chert. 

The paleogeography postulated by Mansfield must be revised, 
however, for the sea was more widespread and instead of being 
bordered by peneplaned sandstone was adjacent to land which sup- 
plied clastic red sediments. Furthermore, by the time that chert de- 
position became prominent in the Phosphoria, the peneplaned Ten- 
sleep sandstone of central Wyoming, which was considered as the 
probable source of the silica in the cherts, had long been buried by 
red beds. 


DINWOODY TIME 


The same land masses which supplied the red sediments of Phos- 
phoria age continued to produce similar material which was carried 
over southeastern and central Wyoming during Dinwoody time. 
However, the red shales, instead of interfingering toward the west 
with limestones and chert as during Phosphoria time, graded into 


G. R. Mansfield, of. cit., p. 373. 
7 Tbid., p. 372. 
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clastic shales and limy sandstones. This means, perhaps, that a posi- 
tive area on the western border of the Dinwoody sea began to func- 
tion and to give rise to the land-derived material in the typical Din- 
woody, or that the Dinwoody is a seaward facies of the red shales 
which was deposited under reducing conditions, resulting in the loss 
of the red color of the sediments. A maximum advance of the sea 
during the time of deposition of the Little Medicine tongue was fol- 
lowed by a retreat throughout the remainder of Dinwoody time, and 
caused the red-bed facies to migrate westward with its base rising in 
the column (Fig. 3). 


BOUNDARY BETWEEN PALEOZOIC AND MESOZOIC 


The effects of the almost world-wide crustal unrest during the 
interval between the Paleozoic and the Mesozoic eras are conspicu- 
ously absent in central or southeastern Wyoming. If the age of the 
Phosphoria is Middle Permian and that of the Dinwoody is Lower 
Triassic, there must be, between the formations, an unconformity 
which represents an interval of non-deposition of considerable dura- 
tion. If such a break is present it is not conspicuous. The areal extent 
of the red-bed and normal marine environments during Phosphoria 
time was almost indentical with the areal extent of similar environ- 
ments during Dinwoody time, indicating that no marked changes in 
the crustal configuration took place between the times of deposition 
of the two formations. There is no measurable angular discordance 
between the Phosphoria and the Dinwoody to indicate diastrophism 
between Phosphoria time and Dinwoody time. 

Even though the Dinwoody should be found to be Permian, or be 
found to represent the interval between the Permian and the Triassic, 
there is still no well defined break between Paleozoic and Mesozoic 
rocks. In southeastern Wyoming sedimentation was apparently con- 
tinuous from the Forelle portion of Phosphoria time, through Din- 
woody time, until the close of Chugwater time. However, between 
Chugwater time and Upper Triassic (Jelm) time the region was 
gently warped and the strata beveled by erosion, so that the younger 
members of the Chugwater progressively disappear from north to 
south. 

CLIMATE 

The evidence bearing on the climate of Phosphoria time and Din- 
woody time is meager. The production of residual soils indicates a 
source in which oxidation dominated over reduction. The presence of 
locally abundant gypsum suggests high evaporation with a relatively 
small inflow of fresh water, such as would characterize a warm, arid 
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climate. The Phosphoria sea, during times other than those of phos- 
phate deposition, swarmed with organisms which are similar to those 
which inhabited the warm Pennsylvanian seas. Mansfield,** however, 
believes that the phosphate beds in the Phosphoria are a reflection of 
a cool climate. 


DIFFICULTIES IN PALEONTOLOGIC CORRELATION 


Most of the organisms which lived in the portion of the Phosphoria 
sea which is now occupied by the Wind River Mountains were mark- 
edly different from the organisms which are now found farther east 
and south as fossils in limestones and sandstones intercalated in red 
beds. Most of the faunules of the Phosphoria of the Wind River 
Mountains consist principally of brachiopods and bryozoans, a fea- 
ture which contrasts strongly with the molluscan character of the 
faunules of the calcerous facies in the intertongued phase. The dif- 


ferences in the two types of faunules indicate strongly that they lived © 


in distinctly different environments. There were, however, certain 
genera or species living during Phosphoria time which were not suf- 
ficiently specialized to be confined to one set of environmental con- 
ditions. The genus M yalina, for example, is found in the Phosphoria 
of both the Wind River Mountains and the intertongued phase, but 
certain species of the genus are confined to the former and others to 
the latter. Plagioglypta canna seems to have been able to exist in 
equal abundance in both environments. 

Between the two areas providing the two distinct types of en- 
vironment there was undoubtedly a zone of environmental gradation 
in which certain genera or species found in one type of faunule could 
exist and intermingle with certain genera and species found in the 
other type. The faunule of the Ervay tongue in the Rattlesnake Hills 
furnishes a good example of this environmental gradation and conse- 
quent faunal intermingling. The organisms of the molluscan type of 
faunule in the intertongued phase are here represented by Schizodus, 
Myalina, Pleurophorus and Pinna, and the organisms of the Phos- 
phoria of the Wind River Mountains by Composita, Derbya, Puncto- 
spirifer, Euphemus, and numerous bryozoans. 

The writer believes that the erroneous paleontologic correlation of 
beds in the intertongued phase with certain horizons in the Phosphoria 
and Dinwoody of the Wind River Mountains has resulted from rely- 
ing too strongly on general faunal similarity and on the presence of 
species which are found in both areas. General faunal similarity and 
common species are not always reliable criteria for correlating beds 


8 Op. cit., p. 366. 
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which occur in different sedimentary facies. Most of the fossils in the 
intertongued phase of the Phosphoria are long-ranging species. Simi- 
larities in faunas of markedly different age may result from these 
long-ranging species appearing at one locality under certain environ- 
mental conditions and appearing much later at another locality upon 
the initiation there of a suitable environment. 


SUMMARY 


Marine limestone and sandstone tongues extend southeastward 
from the Phosphoria and the Dinwoody formations of the Wind River 
and the Owl Creek mountains, intertonguing with the red shales in 
the base of the Chugwater formation in central and southeastern 
Wyoming. The nature of the intertonguing has been demonstrated 
through lithologic and faunal correlation of sections. Significant 
stratigraphic units have been defined and named. 
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GEOLOGICAL NOTES 


FREDERICKSBURG-WASHITA (EDWARDS-GEORGETOWN) 
CONTACT IN EDWARDS PLATEAU 
REGION OF TEXAS 


A series of limestones varying in thickness from 370 to 560 feet 
lies between the Comanche Peak formation and the Del Rio clay in 
Kerr, Real, Edwards, Kimble, and Sutton counties of the Edwards 
Plateau region of Texas. The lower portion of the section is the Ed- 
wards limestone, which marks the top of the Fredericksburg division 
of the Lower Cretaceous (Comanche) in this area. The limestones 
lying beneath the Del Rio clay belong to the Georgetown of the lower 
Washita division. 

Although the ages of the extremes of this series are well known, 
the actual contact of rocks of the two divisions has not been defined. 
In fact, the definition of the Edwards limestone has never been clear. 
In the popular usage of the term “Edwards,” it is loosely applied to 
the Comanche Peak, Edwards proper, Georgetown, or the whole 
series. While discussing the confusion that has arisen concerning the 
upper limits of the Edwards on correlations by rudistid levels, Ad- 
kins! says: 

In addition, the Edwards formation suffers through vagueness in the 
specification of its type locality. It was formerly called Barton Creek lime- 
stone, from the locality near Austin, and this name was in 1901 changed to 
Edwards. The Edwards Plateau, even in Edwards County, has various beds 
at its surface, some of them High Washita (Del Rio, at least). Furthermore, 
Hill? states that the top of the Fredericksburg Division was originally located 
on the basis of ammonite ranges (i.e.,essentially at the top of Oxytropidoceras) 
but was later changed to a rudistid basis to conform to the well known rudis- 
tid level at Austin. When then rudistids were found at higher levels, the top 
of the Edwards was left undefined paleontologically. 


Considering the broad outcrop over the Edwards Plateau as a 
whole, it is almost impossible to place a dependable line of demarca- 
tion between the Edwards and Georgetown on lithologic grounds 
alone. Attempts have been made to distinguish the Edwards by its 


1 W.S. Adkins, “The Geology and Mineral Resources of the Fort Stockton Quad- 
rangle,” Univ. of Texas Bull. 2738 (1927), p. 60. 


2R. T. Hill, U. S. Geol. Survey Twenty-First Ann. Rept., Pt. 7 (1901), pp. 118- 
19. 
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chert content, but there are localities where the chert seems to range 
well into the Georgetown. In certain areas the Georgetown is said 
to be softer and to produce a characteristic topography of low-lying 


¥¥ 


Fic. 1.—Soft limestone with Gryphaea, base of Washita (Georgetown). Western Kerr 
County, Texas. 


Fic. 2.—Topographic bench formed by weathering of Washita (Georgetown) 
Gryphaea bed. 


hills and gentle slopes, but there are equally as many localities where 
the Edwards is composed of soft limestones and forms a similar topog- 
raphy. Faunal zones of Caprinidae are characteristic of the upper 
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limestones, but they are associated with Requienia, Toucasia, and 
Ostrea, which are found throughout the series. 

For the field geologist, the only definite feature which may sepa- 
rate the series into distinguishable lower and upper portions of Freder- 
icksburg and Washita age, respectively, is a horizon of Gryphaea 


Fic. 3.—Contact of fossiliferous Washita (Georgetown) limestone containing 
Gryphaea and underlying Fredericksburg (Edwards) limestone. Photograph shows 
difference in character of the two deposits, southeastern Sutton County, Texas. 


(Fig. 1), the base of which is from 130 to 220 feet below the Del 
Rio clay. The variation in thickness is due to an unconformity at 
the top of the Georgetown. 

In the area under consideration, the soft limestones containing 
the Gryphaea weather to a broad topographic bench (Fig. 2) with 
a rocky, chert-bearing slope immediately beneath. The base of the 
Gryphaea bed is quite definite (Figs. 3 and 4), but in some places 
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the fossils range upward a distance of 40 to 50 feet where another well 
developed Gryphaea bed appears. However, the latter is not so per- 
sistent. Specimens from the lower part of this zone are lower Washita 
in age in the opinion of T. W. Stanton of the United States Geological 
Survey, who says: 


I have examined your small collection of Gryphaea from the western part 
of Kerr County, Texas, and find that most of them apparently belong to a 
form which I have been calling Gryphaea corrugata variety with radial sculp- 
ture. In my experience in western Texas this form has been found low in the 


Fic. 4.—Contact of soft Washita (Georgetown) limestone containing Gryphaea 
with harder non-fossiliferous Fredericksburg (Edwards) limestone, southeastern 
Sutton County, Texas. 


Washita group in rocks which I believe to be of the age of the lower part of 
the Duck Creek formation. It is always desirable and usually possible to 
check this correlation by means of associated ammonites and other kinds 
of fossils which are safer guides in matters of close correlation than the ex- 
tremely variable Comanche species of Gryphaea are. 

There are no specimens of G. navia in your collection but there is one 
which may belong to a broad variety of G. corrugata such as tucumcarii. 


As far as is known, no ammonites have been found associated with 
the Gryphaea in Kerr, Real, Edwards, or Kimble counties. However, 
in Sutton County, particularly the western part, ammonites are 
occasionally found in the Gryphaea zone. In northeast Sutton County 
one specimen, which was identified as Desmoceras by W. S. Adkins 
of the Bureau of Economic Geology, University of Texas, was found 
about 20 feet above the Gryphaea bed in eastern Sutton County, 
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northwest of Fort Terrett, by V. A. Brill of the Humble Oil & Refining 
Company. Other fragments of this fossil were found approximately 
50 feet above, and sporadic occurrences of the form Oxytropidoceras 
were noted about 20 feet below the Gryphaea. The ammonite genus 
Desmoceras is accepted as a definite Duck Creek, or basal Washita, 
marker, while Oxyiropidoceras is distinctly a Fredericksburg fossil. 

In the extreme southeastern part of Crockett County, practically 
on the Crockett-Sutton County line and approximately eight miles 
north of the county corner, fragments of the ammonite Pervinguieria® 


Fic.” 5.—Desmoceras ? brazoense (Shumard) found associated with Gryphaea ap- 
proximately 25 feet above base of fossil zone. This ammonite, together with species of 
Pervinquieria, found at same locality, is usually found in beds equivalent in age to 
Duck Creek of lower Washita. Found in limestone quarry 0.4 mile northeast of Sonora, 
Sutton County, Texas. 


were found 25 feet above the base of the Gryphaea zone. Pervinguieria 
trinodosa is a Washita fossil, which is usually found in beds equivalent 
in age to the Duck Creek. Beneath the soft marly limestones bearing 
the Gryphaea and ammonite, the beds are of an entirely different 
character. The Edwards limestones below are hard and contain a 
great deal of chert; the fossils they contain are fragments of Ostrea 
and Raquienia. 


3 W. S. Adkins, Univ. Texas Bull. 3232, 1932 (1933), p. 364. These Washita am- 
monites should be referred to Mortoniceras Meek 1876 (Genotype Ammonites ves per- 
tinus Morton). 

L. F. Spath, Monograph on the Ammonites of the Gault, Pt. IX, p. 379. Pervinquieria 
is a synonym for Mortoniceras. 
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In the floor of a quarry just northeast of the town limits of Sonora, 
central Sutton County, two ammonites were found associated with 
Gryphaea. These fossiis have been identified as Desmoceras brazoense? 
Shumard (Fig. 5), and Pervinquieria sp. of the Duck Creek fauna by 
T. W. Stanton. The ammonites were found approximately 25 feet 
above the base of the Gryphaea zone. 

Adkins and Wi:xton‘ found Gryphaea corrugata Say ranging from 
the Kiamitia of North Texas into the Duck Creek, and both forma- 
tions were considered lower Washita. In a later work, G. corrugata 
H. and V. is listed both as a Kiamichi (note difference in spelling) 
and a Duck Creek fossil by Adkins’ who places the Kiamichi together 
with some ‘‘?post-Kiamichi clays” at the top of the Fredericksburg in 
the Fort Stockton Quadrangle. 

Thus it may be established with a fair degree of assurance that 
the Fredericksburg-Washita contact lies in the vicinity of the Gry- 
phaea bed. It is possible that this fossiliferous zone represents both 
the Kiamichi and the Duck Creek of the lower Washita, but no char- 
acteristic Kiamichi fossils have been identified. In view of the wide- 
spread occurrence of G. corrugata in the Duck Creek, the occurrence 
of Duck Creek ammonites with the Gryphaea, and the fact that there 
is a distinct faunal and lithologic break at the base of the zone (Fig. 3), 
whereas the upper limits may be gradational, the writer believes the 
more logical position for the Fredericksburg-Washita contact is at 
the base of the Gryphaea bed. Under this interpretation, the soft to 
marly limestones of the Gryphaea horizon may in part be equivalent 
to the Duck Creek formation of North Texas. They may also be 
equivalent to the Georgetown limestone of the Fault zone which 
contains Gryphaea. The underlying chert beds may be correlated 
with those encountered at the top of the Edwards limestone in Salt 
Flat® and other Edwards limestone oil fields. 

It is interesting to know that the Washita may be as much as 245 
feet thick in this area. This thickness may include 220 feet of George- 
town limestone (or its stratigraphic equivalents), 8-20 feet of Del 
Rio clay, and 5-25 feet of Buda limestone which is found on top of 
the high divides. Toward the south and southwest, the Gryphaea 


‘'W. S. Adkins and W. M. Winton, “Paleontological Correlation of the Fredericks- 
burg and Washita Formations in North Texas,” Univ. of Texas Bull. 1945 (1919), 
pp. 62-60. 

5 W.S. Adkins, “The Geology and Mineral Resources of the Fort Stockton Quad- 
rangle,” Univ. of Texas Bull. 2738 (1927), p. 60. 


6 L. F. McCollum, C. J. Cunningham, and S. O. Burford, “Salt Flat Oi! Field, 
Caldwell County, Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 11 (Nov- 
ember, 1930), p. 1408. 
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horizon changes facies to indurated rudistid-bearing limestones which 
render the Edwards-Georgetown contact indistinguishable. The com- 
bined series is known as the Devils River limestone from its occurrence 
along the Devils River in Val Verde County, Texas. In the Fort 
Stockton Quadrangle, Adkins’ finds the Washita to be 245 feet thick. 
In the Fault zone, 140 miles farther east, there is approximately 170 
feet of Washita but the members are of nearly equal thickness, the 
Georgetown being 60 feet, the Del Rio 50 feet, and the Buda 60 
feet.§ 

The following is a generalized section in Edwards County from 
Paint Creek on the north to the vicinity of Rock Springs on the 
south. The increases in thickness are from north to south and are 
determined by using the Gryphaea horizon as the base of the George- 
town. South of the major drainage divide on which the town of Rock 
Springs is situated, the Gryphaea bed can not be recognized. For this 
reason, estimates of the thickness of Georgetown in southern Edwards 
County are qualified by the limit of accuracy in correlating upper 
beds across the divide. 


Thickness 
in Feet 

Buda Marl similar to Del Rio which is capped by hard white-to-cream- 
limestone colored limestone; found on top of highest divides; supports 
dense thickets of small oak tress which contrast markedly with 
open grassy lanes of Del Rio clays; contains corals, Holectypus? 
sp., Spondylus texamus Whitney, Homomya? sp. Pecten sp., 
Pholadomya, sp., Budaiceras, sp. Exogyra, Enallaster ? sp., He- 
miaster, sp., Tylostoma, sp., Lima, sp., Protocardia, sp., Cypri- 

meria, sp., Pleurotomaria, sp., Nautilus, sp.° 5-25 
Del Rioclay Soft marl weathering deep yellow; forms low hummocks and 
broad topographic benches on top of Edwards Plateau proper; 

contains Exogyra arietina 10 
Georgetown Alternating beds of hard and soft limestone; lower 100 feet on 
limestone headwaters of Nueces River contains massive chert beds; alter- 
nation of hard and soft beds gives characteristic topographic 
benches and mesas of uplands; supports vegetation of cedar, 
live oak, scrub oak, and mesquite; contains Caprinidae, Requi- 
enia, Toucasia, Ostrea, Gryphaea, Desmoceras brazoense (Shu- 

mard), Pervinguieria, sp., gastropods 150-220 
Edwards Hard limestone with nodular chert beds, fossiliferous marls, 
limestone thin-bedded porous limestone with “honeycomb” weathering; 
hard limestones form steep rock slopes and cliffs but marl beds 
weather to form gentler slopes; basal portion is water horizon 
(base of Edwards arbitrarily placed at base of thin-bedded 
chert-bearing limestones); supports dense cedar “ breaks”; con- 
tains Gryphaea marcoui, Requienia, Eoradiolites, Oxytropidoceras, 

gastropods, echinoids 285-340 


7 W.S. Adkins, op. cit., p. 30. 
8 L. F. McCollum, C. J. Cunningham, and S. O. Burford, op. cit., pp. 1407-08. 


_  * Identified by T. W. Stanton, U.S. Geol. Survey. Where the ammonite, Budaiceras 
is not present the bed is classified as ‘‘probably”’ or “‘possibly”’ Buda. 
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Comanche Marly limestone softer than overlying Edwards limestone; forms 
Peck cliffs along water courses; basal 4 feet on Paint Creek is gray 
shale in part equivalent to Walnut clay facies farther north and 

to basal limestone of Comanche Peak farther south; supports 

dense growth of Spanish oak; contains gastropods, Gryphaea 

marcoui, and abundance of Exogyra texana in gray shale and 


basal limestone portions . 30-40 
Glen Rose Blue-green shale, white chalky limestone, marls alternating with 
hard fossiliferous limestones 450-500 


Ws. H. Curry, JR. 
SHELL PETROLEUM CORPORATION 
Houston, TEXAS 
October, 1934 


PORTABLE SEDIMENTARY LABORATORY 


Most geologists must have had occasion at some time or other to 
regret the fact that sedimentary analysis of rock samples, collected 
during expeditionary surveys, must necessarily lag far behind the 
field work. Frequentiy, however, preliminary microscopic examination 
of selected specimens may reveal outstanding features of immediate 
value in the prosecution of the survey. Moreover, detailed field work 
may be facilitated in areas where something is already known of the 
microscopic characters of the rocks, if means are available for recog- 
nition of those characters on the spot. 

Many geologists have doubtless improvised equipment to bridge 
the gap between the field and the laboratory; crude methods of pan- 
ning for separation of heavy minerals, micro-fossils, et cetera have 
long been used, while apparatus for preparation of rock sections is 
often included in the field kit. 

The writer’s portable sedimentary laboratory is an attempt at 
refinement and is described in the hope that criticism may lead to 
the development of an ideal outfit for the purpose. 


PORTABLE EQUIPMENT FOR PREPARATION OF THIN ROCK SECTIONS, 
MINERAL RESIDUES, AND MICRO-FOSSIL CONCENTRATES. 


The apparatus is contained in a strong, mortise-jointed box of 
1.75-centimeter wood, measuring over all 62 X 21X35 cms., the size 
and shape being suitable for transport by pack animal or porter or 
on the running-board of a car. The box is provided with a good lock, 
strong rope handles at each end, and metal loops for binding cords. 

The lid, when fully opened, rests on two props fitted into notches 
on the lid which serves, therefore, as a small working bench (Fig. 3). 

A cloth wind-screen with wire supports provides shelter as illus- 
trated; when not in use it is rolled up and bound to the side of the 
box. 


1706 GEOLOGICAL NOTES 


Two or more brass-lined sockets are drilled into the upper edge 
of the front side of the box on either side of the lock; these are to 
hold iron rods which serve as the uprights of funnel stands.! 

Internally the box is subdivided into four parts. 


Fic. 3 
Fics. 1-4.—Portable sedimentary laboratory 


1. A narrow compartment (2.5X17.523.5 cms.) for steel grinding plates and 
other metal parts (Fig. 2, left) 

2. Eight pigeon-holes (each 8X8X23.5 cms.) for bottles containing chemicals 
(Fig. 2, center) 

3. A large compartment (20X17.5X23.5 cms.) for miscellaneous apparatus 
(Fig. 2, right) 

4. A shallow tray (external dimensions 58X17X7 cms.) fitting into the box 
above the other compartments and containing a portable microscope and other items 
which it is desirable to keep apart from the chemical apparatus (Fig. 2, below) 


When traveling all contents are securely packed in with cotton 
waste and in actual experience breakages were very few. 


1 The photographs show a funnel stand occupying a similar position but improvised 
from a retort-stand clamp. 


« 
= 
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The outfit contains the following items. 


A. General purposes 


I microscope, petrological, portable, in case 

1 bulls-eye condenser 

1 lamp, heating, glass, for methylated spirit (200 ccs.) 
o.5 liter methylated spirits, in bottle 

1 tripod, iron, collapsible 

I wire gauze, 13X13 cms. 

5 dishes, porcelain, asserted, 18-6.5 cms. diameter 
2 basins, aluminium, 15 and 13 cms. diameter 

2 funnels, glass, 10.25 cms. diameter 

4 pinch-cocks 

1-meter rubber tubing, 0.64 cm. diameter 

4 glass rods, 15 cms. 

2 retort-stand rings, 10.25 cms. diameter, for funnel stands 
2 iron rods, 20.5 cms., for funnel stands 

1 spatula 

1 hammer, trimming, 80 grms. 

1 knife, folding 

2 glass cloths 

3 gross labels, gummed, 2.25 X 2.25 cms. 

2 pencils, 2H and 4H. 

30 gms. gum arabic, solid 

2 boxes filter paper, No. 2, 11 cms. diameter. 

4 watch glasses, 11.5 cms. diameter 


B. Preparation of thin rock sections et cetera 

2 plates, steel, grinding, 16.5 cms. diameter X0.6 cms. 

1 kilo. carborundum powder, No. 120 

3 kilo. emery flour 

1 snakestone hone, 5X 2.5 X0.6 cm. 

1.5 gross slide glasses, 7.68 X 2.56 cms. 

1.5 gross cover slips, 2.56 X 2.24 cms. 

o.5 kilo. Canada balsam, in bottle 

1 pr. forceps 

1 plate, copper, heating, 15.5 7.70.32 cms. 

3 liter, methylated spirits, in bottle, for cleaning slides 

1 tooth-brush for cleaning slides 

C. Preparation of micro-fossil and mineral concentrates 

1 kilo. caustic soda, solid, in bottle 

o.5 liter hydrochloric acid, conc., comm., in bottle 

o.§ liter bromoform, in bottle 

o.5 liter benzol or petroleum ether, in bottle with bung and glass tubing for con- 
version to wash-bottle 

1 bottle (0.5 liter cap.) for bromoform washings 

25 gms. cedar-wood oil, in bottle, with glass stopper and rod 

1 set sieves, nested, max. diameter 14 cms., mesh 40, 80, 200 

1 picking tray, enamelled black with white grid ruling, 11.5 7.0 cms. 

4 brushes, camel-hair and red sable assorted 

1 pr. forceps 

60 cell mounts with cover slips 

24 vials, glass, round-bottomed, 2.56X3.2 cms, with corks . 

Paper cylinders stopped at each end with cotton-wool, made as required for 

storage of concentrates 


The foregoing list covers minimum requirements, but work is 


considerably facilitated by the following additions which were carried 
separately, but which might be accomodated in a re-designed and 
enlarged case. 


| 
| | 
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1 pestle and mortar, metal 
1 vapor stove, small, portable, for gasoline or kerosene 
1 water-bag, canvas, fitted at top with filler-cap and rope handle and at bottom 
with a stopcocl: and filter to which is attached a length of rubber tubing with a 
pinch-cock; when suspended from a tent-pole or other st »port above the work- 
ing bench, this device gives a convenient regulated supply of running water 
While good results have been obtained with the portable micro- 
scope included in the minimum equipment, the advantages of using 
a more elaborate instrument with proper lighting arrangements will 


generally outweigh transport considerations. 


SCOPE AND METHODS OF WORK 


The technique of sedimentary analysis is too well known? to re- 
quire detailed description in the present note. It is sufficient to state 
that the apparatus described has been used successfully for making 
the following preparations. 

1. Thin sections of all types of rocks, from the hardest to the softest; special sec- 
tions of larger Foraminifera et cetera 

2. Graded micro-fossil concentrates 

3. Heavy and light mineral residues 

Mechanical analyses were not attempted, though a few additions 
to the equipment would bring them within the range of possibility. 
However it is doubtful whether such work would yield useful results 
unless carried out on a large scale. 

The amount of work accomplished with the portable laboratory 
naturally varies greatly according to circumstances. In ordinary con- 
ditions, however, using the minimum equipment described, it is 
possible to make complete series of preparations from five to ten 
samples per day. With duplication of certain apparatus (heating 
stoves et cetera), the daily output may be increased, while a larger 
number of samples may be handled if, as is usually the case, it is not 
necessary to make the full range of preparations from each specimen. 

For operation of the portable laboratory the writer engaged and 
trained an intelligent youth at a rate of less than a dollar a day. 

With an assistant working in camp, or at any convenient rendez- 
vous (since the outfit is designed for use in the open air, given reas- 
onable weather conditions), important rock samples collected one 
day, are ready prepared for microscopic examination by the evening 
of the next. Field geologists will appreciate the value of such an 
arrangement which readily becomes a routine. 

The question of replenishing chemicals, replacing breakages et 
cetera, will at once occur to geologists familiar with the difficulties 


2 See H. B. Milner, Sedimentary Petrography; J. A. Cushman, Foraminifera, Their 
Classification and Economic Use; et al. 
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of expeditionary work in remote areas. Substitution of metal for glass 
apparatus would solve part of the difficulty at increased cost. As 
regards chemicals, consumption is normally high in relation to the 
quantities carried only in the case of hydrochloric acid and methyl- 
ated spirits. 

Acid should be used for cleaning only the most resistant cemented 
rocks since caustic soda is efficaceous and indeed preferable for diges- 
tion of most soft sediments. Reserves of solid caustic soda are easily 
carried while the amount allowed for minimum requirements is 
sufficient for 170-200 alkali digests even without re-use of solution. 

Methylated spirit is not indispensable either as a solvent for Can- 
ada balsam in slide making, or as a fuel. 

Slide-making materials are sufficient for 100-200 thin sections, 
depending on the nature of the rocks to be cut. 

The consumption of bromoform and benzol under field con- 
ditions was never fully tested, but a minimum estimate would allow 
for some scores of separations. 

In the matter of improvisations it is difficult to foresee all possi- 
biities, but many economies and substitutions of method or material 
will occur to the experienced operator and enable him to carry on 


even in adverse circumstances. 


F. R. S. HENSON 
Lonpon, ENGLAND 
September 30, 1934 
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DISCUSSION 


ORIGIN OF BARTLESVILLE SHOESTRING SANDS, GREENWOOD 
AND BUTLER COUNTIES, KANSAS 


Mr. Bass has done a very excellent and careful piece of work in this article, 
“Origin of Barilesville Shoestring Sands, Greenwood and Butler Counties, 
Kansas,” in the October Bulletin, pp. 1313-45, and should be complimented 
for it. His belief in the offshore-bar theory is quite reasonable, well advanced, 
and effectively illustrated. I am not convinced that his theory is incorrect, 
in fact I have twice been a believer in it but also I have twice believed in the 
stream-channel-filling theory, and therefore, think it advisable to point out 
that some of Mr. Bass’ facts are debatable and can, with added information, 
be used to support either belief. Possibly some of the data are more favorable 
to the.stream-channel theory. 

To begin with, I would postulate a gently sloping land mass recently 
raised above the sea, across which drainage would follow the quickest way 
to the ocean. Since the surface was quite flat the streams should be straight. 
The Warrensburg and the Moberly channel deposits of Missouri mentioned 
by Mr. Bass are exceptionally straight. A meandering stream is an old-age 
stream. Thus the straightness of the sand bodies can be explained by the 
stream theory as well as by the bar theory. 

These sand bodies have many thin black carbonaceous partings: in 
places, 10-15 in 1 inch of thickness; in many places, covered with a scattering 
of white mica. Some of these carbonaceous partings range from }; to } inch 
in thickness and have a fracture and luster exactly like that of coal. Such 
partings could easily be formed in a stream channel, but I find great difficulty 
in explaining their formation on an offshore bar. Mr. Bass mentions a bed of 
coal above the sand in one place, and I remember similar occurrences. These 
can be explained by either theory. 

Mr. Bass has shown that there are gaps between the individual oil pools 
and has pointed out that such gaps occur in many places along the coast in 
various beach and bar forms. The similarity is very apparent on the map, but 
years ago I examined the well logs in such gaps and found that the dry holes 
in direct line had sand and ordinarily had showings of oil. An operator who 
misses a commercial oil well is not much interested in the scientific aspects 
of the case, and his well log may reflect his feelings at the moment. The 
currents of a stream carry and deposit sands and muds in accordance with 
their velocity and could easily cause poor places in an otherwise continuous 
sand body. 

In postulating the beach or bar theory one must have a land mass on one 
side and a sea on the other. In such a case sediments on one side of the sand 
body should be different from those on the other side. The beds on either side 
of a sand-filled stream channel later buried by an advancing sea should be 
generally similar, and I believe that this is the case much more commonly 
than not in this area. Since these seas were relatively shallow, sand and sandy 
shale should extend seaward from the beach for some distance. 
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A series of facts which Mr. Bass did not mention, but which was touched 
on by Mr. Holl in his discussion, is that these sand trends have a much greater 
extent than his map shows. They continue northward into Chase, Lyon, and 
Coffee counties, and the Teeter trend is found in several places extending 
southwest into Butler County, which would indicate that it connects with 
the Haverhill trend. In both of these cases the sands contain water with no 
oil. This is unfortunate and remarkable as well as unexplained. The south- 
west end of the Sallyards trend is headed toward the bulge on the middle of 
the east side of the Fox Bush pool, and there is some evidence suggesting 
that these connect. It is not difficult to construct a drainage system flowing 
south from Greenwood and Butler counties through Cowley County into 
Oklahoma. The granite ridge furnished sands from one side of the broad valley 
and a large high area extending from north-central Osage in Oklahoma through 
parts of Cowley, Chautauqua, Elk, Wilson, and Woodson countiesin Kansas, 
formed the other side and separated our valley frei. the eastern Kansas 
trough. To speculate further, the Burbank pool might easily be a deposit 
along the shore into which our stream flowed. It represents fully my idea of a 
preserved beach form. 

The location and distribution of these sand bodies is a convincing argu- 
ment in favor of the bar theory, but a part of the earlier deposition must have 
been subject to erosion above the sea-level as well as below it while the later 
part was in process of deposition. This should have had a tendency to tear 
up and re-deposit, at least in part, the earlier bar system. This does not seem 
to have been done. On the other hand, I can not conceive of two drainage 
systems crossing each other and continuing, each on its own way, unless one 
was younger than the other and was developed on a different land surface 
following submergence and re-emergence of the first surface. At the Seely 
pool, where the two systems cross, Mr. Bass points out that the Teeter Quincy 
stage is 40 feet lower than the Sallyards trend. This suggests strongly that 
an old channel was crossed by a younger. 

The usual convex shape of the top of the sand bodies is the best argument 
for the bar theory. A gentle pseudo-structure following the elongate sand 
bodies can be mapped on the top of the Oswego limestone (300-400 feet above 
the Bartlesville sand). This apparent structure is due to slumping, settling 
and compaction of the intervening Cherokee shales around the sand mass., 
I believe this compaction should have the effect of slightly changing the shape 
of the top and bottom of the sand bodies. Also wave action in the advancing 
sea which covered the old land surface could rework the top sands of the form- 
er stream channel and thereby cause sand and sandy shale to be deposited 
above the sand body where muds only were deposited on either side of the 
former channel. I have noted in wells which I have watched closely that the 
first indication of Bartlesville sand is ordinarily a poor sandy shale and that 
‘the first oil is found at a varying distance below this top. Various operators 
pick their sand tops at various places in the stratigraphic column,which makes 
it extremely difficult to map accurately the sand thickness and thereby deter- 
mine the true shape of the sand body. 

To summarize briefly: I have pointed out the difficulties which I person- 
ally have to overcome in accepting the bar theory. I have also outlined a 
possible alternate explanation to which I retreat when the bar difficulties 
become too great. At present I favor the channel-filling theory, but I do not 
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firmly believe in either one and feel confident that the subject can be explored 
further to great advantage. 


RusseELL S. TARR 
702 McBirNEY BUILDING 
Tusa, OKLAHOMA 
October 23, 1934 


FLUID MECHANICS OF SALT DOMES 


The comments of E. H. Sellards in the discussion of the writer’s paper, 
“Fluid Mechanics of Salt Domes,” in the September Bulletin, page 1203, 
suggest the following. 

The mixing of liquids to which Mr. Sellards refers is such as would result 
from turbulent flow. When flow is stream-line or non-turbulent there is a 
much smaller tendency for the liquids to become mixed. This can be observed 
sometimes when a muddy stream flows into a clear one and the line of sepa- 
ration between muddy and clear water is visible for miles below the junction. 
The greater the viscosity of the fluids involved the less is the tendency for 
turbulent flow and the greater is the tendency for stream-line flow. If salt 
and sediments move very slowly as very highly viscous liquids, there would 
probably be no turbulence at all. In the original paraffine salt-dome model 
from which Figure 4, page 1189, was made, the lines of flow can be seen clearly 
and they show stream-line flow without any marked tendency for turbulence 
or mixing of the different parts or layers of the paraffine. The strata in the 
Grand Saline salt mine to which Mr. Sellards refers are nearly vertical and 
are rather similar to the vertical lines in the paraffine model. The writer had 
this paraffine model with him on the trip to the Grand Saline salt mine after 
the Dallas meeting last March. The similarity of the stratification in the 
mine to that of the paraffine model was pointed out at that time to Mr. 
Judson (who had charge of the trip) and to others, who agreed that the 
general nature of the flow, as well as could be judged by such a simple com- 
parison, may have been very similar in the dome and in the model. 

L. L. NETTLETON 


PITTSBURGH, PENNSYLVANIA 
October 29, 1934 
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REVIEWS AND NEW PUBLICATIONS 


“Petroleum and Natural Gas in Poiand. Volume II—Boryslaw. Part I, 
Geology. Part II, Production Statistics.”” By K. ToLwinsk1. Carpathian 
Inst. Petrol. Geol. Bull. 22. Warsaw, Boryslaw, Lwow, 1934. 159 and LXII 
pp., 41 figs., 5 pls. In Polish and French. Paper. 6.25 9.5 inches. 


This work of Dr. Tolwinski is the second volume of monographic studies 
of the Polish oil fields: the first volume, which deals with a number of oil 
fields along the northern border of the Carpathians, was published in 1929 
(Bulletin 18). In another publication of the Institute, ““Petroleum Geology 
and Statistics in Poland,’’ there appeared several brief monographic studies 
of oil fields in the Median zone (Potok, Grabownica, Brobrka, Libusza 
Lipinki, Iwonicz, et cetera) and in the Magura zone. Therefore the work 
under review completes the description of almost all of the Polish fields. This 
book is a great credit to the author, who continues to work tirelessly in the 
field and who succeeded in obtaining the collaboration of several young 
geologists. The publication of these works, as well as of a number of maps, 
particularly the ‘“New Geologic Atlas of Boryslaw’”’ (Bulletin 19 (1929-30): 
structural map, scale 1:5,000; map showing yield, scale 1: 10,000; section, 10 
colored plates) could be carried out only with the assistance given by the 
petroleum industry to the Institute which was created by this industry to- 
gether with the Ministry of Industry and Trade. Moreover, with the as- 
sistance of the petroleum industry a systematic research of the chemical 
composition of Polish crudes has been organized. This work is being done 
under the supervision of Professor Pilat in the laboratory of Petroleum Tech- 
nology at the Polytechnic School in Lwow. A part of these analyses was pub- 
lished in 1932, “‘Analyses of the Polish Crudes.”’ 

The work under review comprises a description of the Boryslaw-Tus- 
tanowice-Mraznica fields, whereas details regarding various parts of these 
fields and the inter-relations between the oil-bearing and water-bearing ho- 
rizons can be found in the aforementioned atlas, and data regarding the chemi- 
cal composition of the water in the various horizons have already been pub- 
lished in Bulletin 17 (1928) and in Bulletin 20 (1930). 

The structure of the Polish Carpathians is interpreted by the author as 
a system of blocks of a special kind, thrust one upon the other in a definite 
order. These blocks, some of which are completely detached one from the 
other, are called “‘skiba,” in order to distinguish them from the “‘nappes de 
charriage,”’ for example those of the Alps, which have a completely different 
character. The word “skiba’”’ means in Polish the clod turned over by the 
plough. The “‘skiba”’ are a sort of scale and this structure is entirely different 
from the structure of the Alps. However, the author (p. ror) is inclined to 
consider the Boryslaw structure “as a classical phenomenon of the ‘charriage 
en nappes’ (overlapping overthrusts).”” This shows that the general ideas of 
the author have undergone a certain evolution, inasmuch as he recently pub- 
lished an article, “On the Principal Units of the Structure of the Exterior 
Border Carpathians,” which appeared in the volume dedicated to Professor 


1713 


i 

5 


1714 REVIEWS AND NEW PUBLICATIONS 


Romer in connection with the International Geographical Congress at War- 
saw in 1934. In this article the author represents the Magura zone as an 
enormous blanket overthrust extending over the Median zone and even over 
the western part of the northern region in “‘skiba” up to the border of the 
Carpathians in front of Krakov and Wieliczka. 

The author gives a very good summary review of the Boryslaw fields 
(pp. 127-28).! 

In the Boryslaw region the structure of the Carpathian border is divided into 
several tectonic units or separate blocks which are called “skiba.”” The overthrust por- 
tion of the northern Carpathian border is formed by two “‘skiba,” the border “skiba” 
and the Orov “skiba,’”’ whereas the basement portion is formed of the so-called Borys- 
law “skiba.” In a longitudinal direction the most important parts structurally are the 
transverse elevations and the special form of the overthrust “skiba,” as well as the 
form of the basement portion. The accumulation of bituminous deposits depends upon 
these features. Between the highest portion of the longitudinal axis of the chain, in the 
region of Boryslaw, and the depressions on both its extremities, particularly in the 
northwest, there appears a whole series of transversal dislocations in the overthrust 
elements, as well as in the basement. 

The basement portion (“‘skiba’” of Boyslaw) is an independent tectonic unit oc- 
cupying a large area in the eastern border Carpathians. This unit forms one block 
similar to the superimposed Carpathian blocks and has the form of an inclined fold 
with a reduced inverted flank. The detailed study of the Boryslaw “skiba” has for us a 
great theoretical value, because it constitutes a basement element, as opposed to the 
higher-lying “‘skiba,”’ the form of which has been considerably modified, and which have 
been partly destroyed because these units are outcropping. For instance, the frontal 
part of the Boyslaw “skiba” has been completely preserved, which is very rarely the 
case in Poland for tectonic elements of this type. 

Neither the fundamental nor the secondary formations of the border unit are 
directly reflected in the morphological structure of the surface; however, taken as a 
whole, they are indirectly related to the formation of the exterior border of the Car- 
pathians in our region. In a general way, the highest portions, for example those of the 
border masses of the Carpathians, correspond to the highest portion of the basement 
unit. 


The colored geological map, scale 1:10,000, and the tectonic map, scale 
1:15,000, together with the profiles, give a plastic picture of the structure of 
the border and Orov “skiba,’” of the transversal dislocations and of the 
secondary folds which have a decisive bearing on the distribution of petroleum, 
gas, and salt water (map of the oil-bearing region in relation to the structure 
at depth, scale 1: 25,000). 

Pages 131-149 of the French text contain a stratigraphic description 
(map of the surroundings of Boryslaw, 1:30,000) and pages 151-59 give a 
historical sketch of the development of our knowledge of the Boryslaw re- 
gion. According to the author the entire basin of the Flysch sea, which ex- 
tended over the original site of the present Carpathian formations (which 
have a total thickness of about 1,500 meters) was submitted to the rhythmic 
action of powerful forces. Due to their action, the bottom of the sea was 
lowered during certain epochs, whereas during other epochs it was raised 
almost up to the water level. Figure 26 shows in a schematic way these 
rhythmic changes from the Lower Cretaceous to the Lower.Miocene, namely 
the lowering of the Lower Cretaceous, Lower Eocene and Lower Oligocene 
basin and its raising during the Upper Cretaceous and Miocene. In fact, these 


1 American readers can consult the map of subsurface structure and the section in 
an article by the same author: “Natural Gas in Poland,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 18, No. 7 (July, 1934), pp. 895-96. 
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processes were sometimes very complicated and in all probability they were 
also accompanied by orogenic movements. For instance, in many cases we 
see that the lower part of the Cretaceous is folded more strongly and in dis- 
cord with the superimposed formations, including the Jamna sandstone. 

The principal Carpathian movements which have brought about the 
overthrusting of the “skiba’’ took place after the sedimentation of the salt- 
bearing Miocene clays, because these beds form the most recent stratigraphic 
level in the Boryslaw folds. Moreover, these folds were thrust over a similar 
formation, namely, the Pericarpathian zone. Therefore, the principal Car- 
pathian movements took place after the sedimentation of the first Mediter- 
ranean stage, or, according to the stratigraphic classification now generally 
accepted, during the post-Helvetian epoch. However, the later stages of these 
movements were probably prolonged until the most recent Miocene. Accord- 
ing to the author, it is in a southern direction that we must look for the con- 
ditions which have changed the character of the materials of the geological 
formations, even in the basement unit. These conditions naturally exercised 
a great influence on the development of the organic life in the marine basins, 
which extended over the area of the present Carpathians, as well as on the 
appearance and extinction of the fauna and flora, and therefore on the con- 
centration of the bituminous deposits in certain formations. 

Part II of the work of Tolwinski, devoted to the Boryslaw statistics, gives 
the production of all wells to 1932, subdivided according to geological ho- 
rizons. The Boryslaw fields, having a total area of 1,140 hectares, have given 
2,318,751 cars, or 2,061 cars per hectare (58,000 barrels per acre). In 1933 
this production reached 60,905 barrels per acre, which is more than the pro- 
duction of the Coalinga and Midway fields, taken together. 

Tolwinski’s excellent book on the Boryslaw oil fields and his other works, 
as well as the works of his colleagues in the numerous oil fields of the Polish 
Carpathians, sufficiently illustrate that the difficult geological conditions for 
the exploration and exploitation of petroleum reserves are a great obstacle 
to the development of the petroleum industry, particularly north of Boryslaw 
in the Carpathian border region, the underground structure of which is still 
very little known. In spite of our excellent drilling technique, the only defect 
of which is its slowness, the complicated geology of the Carpathians makes it 
very doubtful whether every failure in the accomplishment of a previously 
established plan of petroleum production can be explained exclusively by 
the technical and managerial defects of drilling, as is being done by the heads 
of the exploration and exploitation drilling in the U.S.S.R. According to 
their opinion (I. Gubkin, The Petroleum Industry, organ of the Glavneft of 
U.S.S.R., 1934, Nos. 4, 6 and 7, only in Russian), in the Baku region, in 
Middle Asia, and in the Volga area “the underground is not responsible for 
the failures” and all failures, such as were experienced for example in 1933, 
are due to the unsatisfactory work of the staff and to the “unhealthy” 
theories of certain geologists. The geological experience of the leaders of the 
producing branch of the petroleum industry of the U.S.S.R., which in the 
absence of any other material, as for instance in Middle Asia, is based on the 
“dialectical method of Marx,” may considerably overestimate the richness 
of the oil deposits of this country. 


CHARLES BOHDANOWICZ 
WARSAW 
October, 1934 
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RECENT FUBLICATIONS 


RECENT PUBLICATIONS 


GENERAL 

“A Laboratory Manual of Physical and Historical Geology,” by Kirtley 
F. Mather and Chalmer J. Roy. The Century Earth Science Series (D. Apple- 
ton-Century Company, New York, 1934). 302 pp., 46 figs., 20 pls. Twenty 
exercises designed for college students beginning geology; intended for use 
with the textbook Earth History by L. C. Snider. Paper cover and pages 
perforated for notebook binder. Size, 8.375 X 10.75 inches. 

“Geology and Technology Go Foward,” by Stanley C. Herold. Petrol. 
World (Los Angeles, California) Annual Statistical Review (November, 1934), 
Pp. 32-44; 27 illustrations. 


GEOPHYSICS 


“Geophysical Prospecting, 1934,” by many authors. Trans. Amer. Inst. 
Min. Met. Eng., Vol. 110 (1934). 583 pp., illus. Cloth. Outside dimensions, 
6.25 X9.25 inches. Price, net, $5.00. 


LOUISIANA 


“Engineering Studies and Results of Acid Treatment of Wells, Zwolle 
Oil Field, Sabine Parish, Louisiana,’ by R. E. Heithecker. U. S. Bur. Mines 
R. I. 3251 (October, 1934). 35 mimeogr. pp., 12 tables, 14 figs. Size, 8X 10.5 
inches. 


OKLAHOMA 


“Geology and Economic Significance of the Lucien Field,” by Basil B. 
Zavoico. World Petroleum (New York), Vol. 5, No. 11 (November, 1934), 


pp. 416-24; 6 illustrations (4 in color). 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of 
the following candidates for membership in the Association. This does not 
constitute an election, but places the names before the membership at large. 
If any member has information bearing on the qualifications of these nomi- 
nees, he should send it promptly to J. P. D. Hull, business manager, Box 
1852, Tulsa, Oklahoma. (Names of sponsors are placed beneath the name of 
each nominee.) 


FOR ACTIVE MEMBERSHIP 


Charles Parmer Miller, Hobbs, N. Mex. 
C. G. Staley, J. B. Headley, H. S. Cave 


FOR ASSOCIATE MEMBERSHIP 
George D. Bloomfield, Los Angeles, Calif. 
E. K. Soper, Roy G. Mead, Wilbur D. Rankin 
Cleo Eugene Buck, Corpus Christi, Texas 
W. A. Maley, H. N. Seevers, A. E. Getzendaner 
Wynne K. Hastings, Tulsa, Okla. 
W. B. Wilson, W. E. Bernard, H. Klaus 
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ASSOCIATION COMMITTEES 


EXECUTIVE COMMITTEE 
Wru1am B. Herovy, chairman, New York, N. Y. 
M. G. CHENEY, secretary, Coleman, Texas 
Frank R. Crakk, Tulsa, Oklahoma 
Epwin B. Horxus, Dallas, Texas 
L. C. Sumer, New York, N. Y. 


GENERAL BUSINESS COMMITTEE 


Sam M. Aronson (1936) 
Artuur A. BAKER (1936 
R. A. Brex (1936) 

M. G. CHENEY (1935) 
Frank R, Crark (1935) 
H. E. Crum (1935) 

E. F. Davis (1936) 
Josera A. Dawson (1935) 
Frank W. De-Wotr (1935) 
C. E. (1935) 
James Terry Duce (1935) 
H. B. Fuqua (1935) 


M. W. Gru (1935) 

S. A. Grocan (1935) 
B. Heroy (1936) 
Epwi B. (1935) 
Joun F. Hosterman (1935) 
Epcar Kraus (1935) 
Rotanp W. (1935) 
O. C. Lester, Jr. (1935) 
Tueopore A. Link (1935) 
R. T. Lyons (1935) 

Roy G. Meap (1935) 

A. F. Morris (1935) 


RESEARCH COMMITTEE 


L. Murray NEUMANN (1936) 
Purr E, Notan (1935) 
CLARENCE F. OsBorNE (1935) 
Scott (1935) 

A. L. SELIG (1935) 

L. C. SNIDER (1935) 

J. D. Taompson, Jr. (1936) 
J. M. (1936) 

Pau WEAVER (1935) 

E. A. WENDLANDT (1935) 
Maynarp P. Waite (1935) 
E. A. Wyman (1935) 


Donatp C. Barton (1936), chairman, Humble Oil and Refining Company, Houston, Texas 
A. I. LevorsEn (1935), vice-chairman, Tide Water Oil Company, Houston, Texas 


C. E. (1935) 
W. McCoy (1935) 
C. V. (1935) 
L. C. Snmper (1935) 

L. C. Uren (1935) 


Harowp W. Hoors (1936) 
R. S. KNAPPEN (1936) 
W. C. Spooner (1936) 
ParKER D. Trask (1936) 
M. G. Creney (1937) 
Rosert H. Dorr (1937) 


K. C. (1937) 
F. H. Lawes (1937) 
H. A. Ley (1937) 

R. C. Moore (1937) 
F. B. PLummer (1937) 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 


R. S. KNAPPEN (1937) 


NATIONAL RESEARCH COUNCIL 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Ira H. Cram, chairman, Pure Oil Company, Tulsa, Oklahoma 


Joun G. BARTRAM 
M. G. CHENEY 
ALEXANDER DEUSSEN 
B. F. Hake 


G. D. Hanna 
M. ©. ISRAELSEY 
A. I. LEvorsEN 
C. L. Moopy 

R. C. Moore 


Ep. W. OWEN 

J. R. REEvEs 
C. TESTER 
W. A. Tuomas 


TRUSTEES OF REVOLVING PUBLICATION FUND 
Frank R. CLarK (1935) Cuartes H. Row (1936) Rapa D. REED (1937) 


TRUSTEES OF RESEARCH FUND 


Arex W. McCoy (1935) 


W. E. WratHer (1935) 


FINANCE COMMITTEE 
Josera E. Pocue (1936) 


Rosert H. Dorr (1936) 


E. (1937) 


COMMITTEE ON APPLICATIONS OF GEOLOGY 
F. H. Lanes, chairman, Box 2880, Dallas, Texas 


H. Atkinson 
Artur E. BRaInerD 
A. 
Hat P. ByBee 


Frank R. CLARK 
Herscuet H. Cooper 
CarEY CRONEIS 

H. B. Ho 

Eart P. Howes 


Marvin LEE 
S. E. Supper 
E. K. Soper 
J. M. Verrer 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


The eleventh annual convention of the Pacific Section of the Association, 
held at Los Angeles, November 8 and 9, included in its technical program the 
following papers: “‘Geology of Santa Rosa Island,” by GraHam Moopy; 
“Results of Studies on Organic Content of California Rocks,’ by PARKER D. 
Trask; ‘“‘Notes on the Franciscan,” by N. L. TALIAFERRO; “A Trip Across 
Arabia,” by J. C. NoMLAND; “‘Tertiary History of a Part of the Transverse 
Ranges,” by R. D. REED; ‘The Vaqueros in the Temblor Range,” by L. M. 
CrarK and ALEX CLarK; “Discussion of Miocene History and Faunas,” by 
R. M. KLEINpPELL; Oligocene Problem,” by HuBert ScHENCK; “The 
Mountain View Oil Field,” by K. L. Gow; “The Edison Area,” by E. B. 
Nos and W. D. KLEINPELL; “Origin of Glauconite,’’ by WAYNE GALLIGHER; 
“Progress of the State Geologic Map of California,” by OLar P. JENKINS. 


Harry L. Berry is geologist for the Harper-Turner Oil Company, 
Hightower Building, Oklahoma City. 


Jack J. Berry and PuHItiir Berry are doing general geological work in- 


dependently in Oklahoma and Texas. Their office is Box 836, Cushing, 
Oklahoma. 


J. E. Brantty is president of the Drilling and Exploration Company, 
Inc., First National Bank Building, Dallas, Texas. 


RIcHARD T. SHorRT is employed by the French Oil Corporation, Laredo, 
Texas. 


CuHarLEs F. Bassett, formerly engaged in subsurface work in the Bolivar 
coastal fields of the Maracaibo Basin in Venezuela, has been working on an 
underground water survey in the Michigan State forests during the past two 
years. His address is Hinckley, Illinois. 


LESLIE Bow 1G, of Austin, Texas, is with the Standard Oil Company of 
Venezuela at Caripito, Venezuela. 


C. W. Tomtitnson, of Ardmore, Oklahoma, presented a paper on the 
“Pennsylvanian of Southern Oklahoma,” before the North Texas Geological 
Society, Wichita Falls, Texas, November 9. 


ALFRED P. Frey, formerly with the Caribbean Petroleum Company, 


Maracaibo, Venezuela, may now be addressed at 66 Sonneggstrasse, Zurich 
6, Switzerland. 


WALL AcE LEE has changed his address from Graham, Texas, to Box 446, 
Okmulgee, Oklahoma. 


Joun A. McCutcuin, district exploitation engineer for Shell Petroleum 
Corporation, has been transferred from Pampa, Texas, to Tulsa, Oklahoma. 
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W. H. Burt, formerly of Asheville, North Carolina, is now at 3428 
Stanford Street, Dallas, Texas. 


M. M. KornFELp announces the opening of a paleontological laboratory 
at 718 Petroleum Building, Houston, Texas, devoted exclusively to micro- 
scopic examination of oil-well cuttings and cores. 


GEorGE A. WEAVER, formerly of 741 Ratcliff Street, Shreveport, Louisi- 
ana, may now be addressed at 1006 South Jennings Avenue, Fort Worth, 
Texas. 


P. H. ReaGan, formerly of Nevada City, California, is mining geologist 
with The Fresnillo Company, Fresnillo, Est. de Zac., Mexico. 


O. F. Heprick, geologist for the Texas Pacific Coal and Oil Company, 
has been transferred from Thurber to Midland, Texas. 


RALPH ItsLeEy has changed his address from Cambridge, Massachusetts, 
to 1734 New York Avenue, Room 601, Washington, D.C. 


Wit11aM B. HeEroy, chief geologist of the Consolidated Oil Corporation, 
New York City, made his Association presidential trip to local geological 
societies in November. His itinerary included: the Rocky Mountain Associ- 
ation of Petroleum Geologists, Denver, Colorado, November 5; the Pacific 
Section, Los Angeles, California, November 8 and 9; executive committee 
meeting, Dallas, Texas, November 15; San Antonio Section, November 20; 
Tulsa Geological Society, Tulsa, Oklahoma, November 22; Ponca City geolo- 
gists, Ponca City, Oklahoma, November 22; and Kansas Geological Society, 
Wichita, Kansas, November 23. His trip also included northern Mexico and a 
visit to the Tri-State zinc and lead mining district of Oklahoma, Kansas, and 
Missouri. Past-president FRANK R. CLARK and business manager J. P. D. 
HULL accompanied the president to Wichita to meet with the committee on 
arrangements for the 2oth annual meeting, which will be held at the Allis 
Hotel, Wichita, Kansas, March 21, 22, and 23, 1935. 
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Australia, Report on Aerial Survey Operations in, During 1932. By W. G. Wool- 
nough. Review by W. P. Woodring . : 

Australia and New Guinea, Natural Gas in. By W. G. W oolnough 
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Business Meeting, Minutes, Baker Hotel, cus Texas, March 22- ~24, 1934 
The Association Round Table ‘ 
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By W.M. Bramlette . 
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, Type Section of Hermosa Formation. Geological Note by Robert Roth 

Compilacion de los Estudios Geologicos Oficiales en Colombia, 1917 a 1933, Tomo I 
(Compilation of the Official Geological Studies in Colombia, 1917 to 1933, 
Vol. I). By Roberto Scheib. Review by Robert H. Dott. 

Composition of Clay, Base Exchange in Relation to, with Special Reference to 
Effect of Sea Water. By W. P. Kelley and G. F. Liebig, a ‘ . 

Condit, D. Dale. Natural Gas and Oilin India . i 

Constitution and By-Laws. The Association Round Table. 

Conversion of Fatty and Waxy Substances into Petroleum Hy drocarbons. By 

. Seyer. Discussion by Donald C. Barton 

Correction to Stratigraphy of Hoxbar Formation, Oklahoma. Discussion by 
C. W. Tomlinson . ; 

Corrections for Temperature in Barometric ‘Surv eying. Geological Note by 
John L. Rich . ? 

Correlation of Pecan Ga ap Chalk in Texas. By Alva C. Ellisor and John Teagle ; 

of Sands at Kettleman Hills, California, Heavy Mineral Studies on. By 

W.M.Bramlette. 

Correlations of Pennsylvanian Strata in Arkansas and Oklahoma Coal Fields. 
By T. A. Hendricks and C. B. Read. p 
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A. T. SCHWENNESEN 
Geologist 


1011-12 Sterling Building 
HOUSTON 
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TEXAS 


OLAF F. SUNDT 
Geologist and Geophysicist 
Specializing in Gravity Work 


Phone Preston 8582 


Sterling Building 
Box 962 Houston, Texas 


IONEL I. GARDESCU 


Geologist and Petroleum Engineer 
Reservoir Studies and Valuation 


Box 469 HOUSTON, TEXAS 


VENEZUELA 


JAMES A. TONG 
Consulting Geologist 


CARACAS, VENEZUELA 


E. WALTER KRAMPERT 
and 


A. F. BARRETT 
Consulting Geologists 
PETROLEUM GEOLOGY 
PETROLEUM ENGINEERING 
Specialists, Rocky Mountain Region 
Office: National Supply Company Building 
P. O. Box 1106 Casper, Wyoming Phone 1130 


The Annotated 


Bibliography of Economic Geology 
Vol. Vi, No. 1 


Is Now Ready 


Orders are now being taken for the 
entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I, II, 
III, IV, and V can still be obtained at 
$5.00 each. 


The number of entries in Vol. I is 
1,756. Vol. II contains 2,480, Vol. III, 
2,260, Vol. IV, 2,224, and Vol. V, 2,225. 


If you wish future numbers sent you 
promptly, kindly give us a continuing 
order. 


Economic Geology Publishing Co. 
Urbana, Illinois, U. S. A. 


“Petroleum” 


Magazine for the interests of the whole 
Oil Industry and Oil Trade. 


Subscription (52 issues per annum) 
£4 for England. $16 for U.S.A. 


“Tagliche Berichte 
iiber die Petroleumindustrie” 
(“Daily Oil Reports.”’) 
Special magazine for the interests of the whole 
Oil Industry and Oil Trede 
Subscription: 


£9 a year for England. $36 a year for U.S.A. 


VERLAG FOR FACHLITERATUR 
Ges.m.b.H. 
BERLIN SW. 68, Wilhelmstrasse 147. 
VIENNA XIX/1, Vegagasse 4. 
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GEOLOGICAL AND GEOPHYSICAL 


COLORADO 


ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM 
GEOLOGISTS 


DENVER, COLORADO 
President - - Herman Davies 
The California ‘Company 
Vice-President WwW. Waldschmidt 
Colorado School of “Mines, Golden, Colorado 
Vice-President - H. A. Aurand 
1350 Bellaire Street 
Secretary-Treasurer- - C. E. Erdmann 
523 Custom House Building 


Luncheon meetings, first and third Mondays of 
each month, 12:15 P.M., Auditorium Hotel. 


KANSAS 


LOUISIANA 


KANSAS 
GEOLOGICAL SOCIETY 
WICHITA, KANSAS 


President - - + + E,C. Moncrief 
Derby Oil Company 
Vice-President R. A. Whorton 
Petroleum and ‘Refiners. 
Secretary-Treasurer Howard L. Bryant 
Skelly Oil Company 


Regular Meetings: 7:30 P.M. Allis Hotel, first 
nay of each month. Visitors cordially wel- 
come 


The Society sponsors the Kansas Well Log Bureau 


which is located at 412 Union National Bank 
Building. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 


SHREVEPORT, LOUISIANA 


President 

Ohio Oil Company 

Vice-President R. T. Hazzard 
Gulf Refining Company 


Secretary-Treasurer D. Thomas 


G. 
Shell Petroleum Corporation 


Meets the first Friday of every month, Civil Courts 
Room, Caddo Parish Court House. Luncheon every 
Monday noon, Washington-Youree Hotel. 


OKLAHOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


Harold S. Thomas 


T. B. Slick Estates 
Vice-President I. Thompson 
Phillips Petroleum ‘Company 
Secretary - - Clarence M. Sale 
Magnolia Petroleum Compras 
Treasurer - W. Brauchli 
Anderson- Prichard | Oil 
Meetings: Second Monday, each month, 8:00 P.M. 
Commerce Exchange Building. Luncheons: First, 
third, fourth, and 6 fifth Mondays, each month, 
12:15 P.M., Demanenee Exchange Building. 


Visiting geclogists are welcome to all meetings. 


President - 


SHAWNEE 
GEOLOGICAL SOCIETY 


SHAWNEE, OKLAHOMA 
President - Clark 
Gypsy Oil Company, Box 967, 
Secretary-Treasurer Ray Youngmeyer 
Amerada Petroleum Corporation, Box 896, Shawnee 


Meets the fourth Monday of each month at 7:00 
P.M., at the Aldridge Hotel. Visiting geologists 
welcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


President .. -Robert M. Whiteside 
Shell Petroleum Corporation 
Vice-President Ronald Cullen 
Twin State Oil Company 
Secretary-Treasurer Joseph L. Borden 
The Pure Oil Company 


Meetings: Second and fourth Wednesdays, cach 
month, from October to May, inclusive, at 8:00 
P.M., third floor, Tulsa Building. 


TULSA 
GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 
President . Shea 
Stanolind Oil and Gas Com 
1st Vice-President - . Leiser 
Shell Petroleum Corporation 
2nd Vice-President K. K. Kimball 
Consulting Geologist, "1804 “West wee Street 
Secretary-Treasurer - T. F. Newman 
_ Skelly Oil Company 
Editor - enn Scott Dillé 
” The Texas Company 
Mestings: First and third Moadays, each month, 
from October to May, inclusive, at 8:00 P.M., 


fourth floor, Tulsa uilding. Luncheons: Every 
Thursday, fourth floor, Tulsa Building. 
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SOCIETIES 


For Space Apply to the Business Manager 


Box 1852, Tulsa, Oklahoma 


TEXAS 


DALLAS 
PETROLEUM GEOLOGISTS 
DALLAS, TFXAS 


Chairman F. E. Heath 


Sun Oil Company 
Vice-Chairman J. C. Karcher 
Geophysical Service, Inc. 
Secretary-Treasurer - + Charles B. Carpenter 

U. S. Bureau of Mines 


Meetings will be announced. 


FORT WORTH 
GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS 


President - - Frank A. Herald 
Fort Worth National Bank Building 


Vice-President - Claude F. Dally 
Fort Worth National Bank Building 


Secretary-Treasurer Cc. D. Cordry 
Box 1290, Gulf Production Company 


Meetings: Luncheon at noon, Worth Hotel, every 
Monday. Special meetings called by executive com- 
mittee. Visiting geologists are welcome to all 
meetings 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


Marcus A. Hanna 


President’ - 
Gulf Production Company 


Vice-President F. Bowman 


Ww. 
Tide- Water Oil Company 


Secretary-Treasurer- - John C. Miller 
The Texas ‘Company 


Regular meetings, every Thursday at noon (12:15) 
at the Lamar Hotel. Frequent special meetings 
called by the executive committee. For any par- 
ticulars pertaining to meetings call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 

President - Ralph S. Powell 
The Texas Company 

Vice-President : 

532 Waggoner Building 

Secretary-Treasurer Tom L. Coleman 
302 Federal Building 


J. R. Seitz 


Meetings: Second Friday, each month, at 6:30 P.M. 
Luncheons: Fourth Friday, each month, at 12:15 
P.M. 

Place: Hamilton Building 


THE SOCIETY OF 
PETROLEUM GEOPHYSICISTS 


HOUSTON, TEXAS 
President - - - E. E. Rosaire 
2210 Esperson 
Houston, Texas 
Vice-President - - Frank Goldstone 
Shell Petroleum Corporation 
Houston, Texas 
Editor - - B. B. Weatherby 
Amerada Petroleum Corporation 
Tulsa, Oklahoma 
Secretary-Treasurer - - Bela Hubbard 
Carter Oil. Company 
Tulsa, Oklahoma 


WEST TEXAS GEOLOGICAL 
SOCIETY 


SAN ANGELO, TEXAS 
Cary P. Butcher 
P.O. Box 331, Midland 


Vice-President - M. E. Roberts 
Pure Oil Company, Odessa, Texas 


President 


Secretary-Treasurer - W. C. Kinkel 
id-Kansas Oil and Gas Company 


Meetings: First Saturday, each month, at 7:30 P.M., 
St. Angelus Hotel. Luncheons: Alternate Mondays 
at 12:15, St. Angelus Hotel. 


EAST TEXAS GEOLOGICAL 
CIETY 


TYLER, TEXAS 


President - - + «+ J, §. Hudnali 
Hudnall and Pirtle 

Vice-President : G. L. Bolyard 
Barnsdall Oil 


Secretary-Treasurer - F. H. Schouten 
Stanolind Oil and Gas Company 


Meetings: Monthly, by call. 


Luncheons: Every Thursday, Clayton's Cafe, 222 
North Broadway. 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


CHARLESTON, WEST VIRGINIA 


President - + + + + «+ «+ Q, Fischer 
P.O. Box 1375 


Vice-President - -  P. E. Dufendach 
Kentucky- vs Virginia Gas Company 
Ashland, Kentucky 


Secretary-Treasurer - - + Robert C. Lafferty 
Columbian Carbon Company 


— : Second Monday, each month, at 6:30 
uffner Hotel. 
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THE MID-WEST PRINTING COMPANY 


SPECIAL RULING Standardized Oil Accounting FOLDERS 


and Field Forms 
BINDERS PUBLICATIONS 


P. O. BOX 766, TULSA, OKLAHOMA 


SPERRY-SUN BULLETIN 


WELL SURVEYING CO. 
1608 WALNUT STREET INDEX 
PHILADELPHIA, PA. 

DALLAS, TYLER AND HOUSTON, TEXAS. TULSA The A.A.P.G. Bulletin 10-Vol. Index 
OKLAHOMA AND LOS ANGELES, CALIFORNIA (1917-26) helps you find the infermation 


SURWEL SYFO 


Gyroscopict 


$1.00, Postpaid 


UNDERGROUND WELL SURVEYING SERVICE BOX 1852, TULSA, OKLAHOMA 


REVUE DE GEOLOGIE REVIEW OF GEOLOGY 
et des Sciences connexes and Connected Sciences 


RASSEGNA DI GEOLOGIA RUNDSCHAU FUR GEOLOGIE 
e delle Scienze affini und verwandte Wissenschaften 

Abstract journal published monthly with the codperation of the FONDATION UNIVERSITAIRE DE 
BELGIQUE and under the auspices of the SOCIETE GEOLOGIQUE DE BELGIQUE with the collabora- 
tion of several scientific institutions, geological surveys, and correspondents in all countries ef the world. 

GENERAL OFFICE, Revue de Géologie, Institut de Géologie, Université de Liége, Belgium. 

TREASURER, Revue de Géologie, 35, Rue des Armuriers, Liége, Belgium. 

Subscription, Vol. XIV (1933-1934), 35 belgas Sample Copy Sent on Request 


PETROLEUM VADEMECUM 


(10th edition) 


Tables for the oil industry and oil trade 
Published by Technical Adviser Engineer Ropert SCHWARZ 


_ The tenth edition is published in two volumes and three languages (German, Eng- 
lish and French). Contains statistics on production, imports, exports, tariffs, etc. 


PRICE, 24 MARKS 


VERLAG FUR FACHLITERATUR, Ges. m. b. H. 
Berlin SW. 68, Wilhelmstrasse 147 Vienna xix 1, Vegagasse 4 


STRUCTURE OF TYPICAL AMERICAN OIL FIELDS, 
VOLS. I and II 


Price, postpaid, each to members and associates, 
To non-members, 


Box 1852, Tulsa, Oklahoma 


Please use coupon on last page of advertisements in answering advertisers 
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TULSA, The World's Oil Capital 


Where one can find a greater concentration of major oil company head- 
quarters than in any other city in America. And the Petroleum Geologist 
knows that this means executive offices and operating headquarters—the 
source of geological assignments. 


TULSA is National Headquarters for the leading associations of the oil 
industry, including the A.A.P.G., and is ideally situated as a convention 
city for these great oil organizations. Residents of Tulsa come in personal 
contact with leaders of all branches of the industry many times a year. 


TULSA is the home of the great International Petroleum Exposition, 
which attracts many thousands of oil men, and is the world’s greatest 
annual concentration of leaders in the industry. 


The Technical Department of the Tulsa Public library is the world’s most 
comprehensive petroleum library. For many years this department has 
purchased every new book on petroleum and gas, has complete files of 
64 technical journals and of the publications of the U.S.G.S., the U. S. 
Bureau of Mines, and all state geological reports. 


TULSA is a metropolitan city, with superior public schools, fine churches, 
2,500 acres of parks and playgrounds, varied sports and amusements, and, 
all in all, is an ideal city in which to live and earn a livelihood. 


For further particulars write 


THE TULSA CHAMBER of COMMERCE 
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Announcing ... Now Ready 


PROBLEMS OF 
PETROLEUM GEOLOGY 


Sidney Powers Memorial Volume 


A Sequel to Structure of Typical American Oil Fields 


A compilation of 43 papers prepared for this volume by 47 
authors; not previously published; in part read in preliminary 
form before annual meetings of The American Association of 
Petroleum Geologists 


Edited by 
W. E. WraTHER and F. H. LAHEE 


This book was originally announced as Structure of Typical 
American Oil Fields, Vol. III, but the name was changed to 
make clearer the difference in character of contents. The papers 
are “designed to review, modify, and, if possible, clarify our 
ideas with regard to the fundamental concepts of geology, utiliz- 
ing, for this purpose, the material presented in the two earlier 
factual volumes and any additional pertinent data, whether 
published or not.”—Editors’ Preface. 

The volume is dedicated as a memorial to Sidney Powers, 
under whose editorship the two volumes of Structure of Typical 
American Oil Fields were published, and who did much of the 
early planning and codrdinating of the papers for this volume. 


Outline of Contents 


. History 
. Origin and Evolution of Petroleum. Group 1: Origin. Group 
2: Carbon Ratios. Group 3: Variation in Physical Properties 
. Migration and Accumulation of Petroleum 
- Relations of Petroleum Accumulation to Structure 
. Porosity, Permeability, Compaction 
. Oil-Field Waters 
Part VII. Subsurface Temperature Gradients 


Approx. 1,100 pp., 200 illus. Size, 6x9 inches. Cloth. Price, 
postpaid: to members, $5.00; to non-members, $6.00. Usual 
discounts to agencies and educational institutions. 


Order direct from 


The American Association of Petroleum Geologists 
Box 1852 . . . Tulsa, Oklahoma 
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Third Edition 
Geologic 


Structures 


By BAILEY WILLIS 
Professor Emeritus 
of Geology 
Stanford University 


and ROBIN WILLIS 


544 pages, 5 x 7%, 
202 illustrations, 
flexible, $4.00 


RESENTS the facts of the architec- 

ture of the earth, describing geologic 
structures and showing the application of 
the principles of mechanics to their inter- 
pretation. Features of this edition are a 
more thorough treatment and illustration 
of practical problems, a more logical, con- 
nected arrangement of topics, and changes 
and new material bringing the book up 
to date throughout. 

Order from 
The American Association of 
Petroleum Geologists 
Box 1852, Tulsa, Oklahoma 


Publishers: G. E. Stechert & Co., New York— 
David Nutt, London—Felix Alcan, Paris—Akad. 
Verlagsgesellschaft, Leipzig—Nicola Zanichelli, 
Bologna—Ruiz Hermanos, Madrid—Livraria 
Machado, Porto—The Maruzen Company, Tokyo. 


1933 27th Year 


“SCIENTIA” 


Internationai Review of Scientific Syn- 
thesis published every month (each 
number containing 100 to 120 pages). 


Editors: F. Borrazz1, G. Brunt, 
F. ENRIQUES 
Generac Secretary: PAOLO BONETTI 


Is THE ONLY Review of scientific synthesis and 
unification that deals with the fundamental ques- 
tions of all sciences: geology, mathematics, as- 
tronomy, physics, chemistry, biology, psychology, 
ethnology, linguistics; history of science; philos- 
ophy of science. Its contributors are the most il- 
lustrious men of science in the world. 


The articles are published in the language of 
their authors and every number has a supple- 
ment containing the French translation of all the 
articles that are not French. The review is thus 
completely accessible to those who know only 
French. (Write for a free copy to the General 
Secretary of “Scientia,”’ Milan, sending 12 cents 
in stamps of your country, merely to cover pack- 
ing and postage.) 


Subscription: $10, post free. 


Substantial reductions are granted to those who 
take up more than one year’s subscription. For in- 
formation apply to 


“Scientia.” Via A. DeTogni 12—Milan (116) 


THE 
JOURNAL OF 
GEOLOGY 


a semi-quarterly 
Edited by 
ROLLIN T. CHAMBERLIN 


Since 1893 a constant record of 
the advance of geological science. 
Articles deal with problems of 
systematic, theoretical, and funda- 
mental geology. Each article is re- 
plete with diagrams, figures, and 
other illustrations necessary to a 
full scientific understanding. 


$6.00 a year 
$1.00 a single copy 
Canadian postage, 25 cents 
Foreign postage, 65 cents 


THE UNIVERSITY OF CHICAGO PRESS 


GEOLOGY 
OF 
CALIFORNIA 


By R. D. REED 


355 pp., 29 half-tones, 33 
line drawings, 26 tables. 
9 x 6 inches. Cloth 
$5.00, postpaid 


THE AMERICAN ASSOCI- 
ATION OF PETROLEUM 
GEOLOGISTS 


Box 1852, Tulsa, Oklahoma 
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A Book of Basic Geological Value . . . 


ORIGIN and 
ENVIRONMENT of 
SOURCE SEDIMENTS 


... Just Off the Press. 


When John D. Rockefeller donated $250,000 to the American 
Petroleum Institute a few years ago, to be used in research on 
problems of fundamental importance to the petroleum industry, 
one of the important problems taken up was the study of the sub- 
stances that actually generate oil from sediments. Five years were 
spent in the investigation of possible source sediments as they are 
actually accumulating beneath the sea now. 

Through an arrangement made by the publishers with the 
American Petroleum Institute, the results of this remarkable study 
—basically of great importance in geologic study—are made 
available in book form under the title of 

“Origin and Environment of Source Sediments.” 
Edited by Parker D. Trask with Harald A. Hammar and C. C. 
Wu as co-authors, it embodies the results of five years’ work on 
the part of Mr. Trask, one year’s work on the part of Mr. Wu 


and two years’ work on the part of Mr. Hammar. 


323 Pages, Size 6 x 9—Fabrikoid Binding 


PRICH, POSTAGE $6.00 


Send order to the 


GULF PUBLISHING COMPANY 


Book Dept. P. O. Box 2811, HOUSTON, TEXAS 


In summary 


the book presents: 


Collection and Preparation of 
Samples. 


Measurement of Organic Con- 
tent. 


Distillation Tests. 
Texture of Sediments. 


Calcium Carbonate Content of 
Sediments. 


Relation of Organic Matter to 


Environment. 


Detailed Analyses of Organic 
Constituents of Sediments. 


Change in Organic Content with 
Depth. 


Comparison of Past and Recent 
Sediments. 


Miscellaneous Results. 


Theoretical Considerations. 
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